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Montana Public Law, Section 92-710 (B) of the Workmen's 
Compensation Act "An act to provide compensation for loss 
of hearing resulting from exposure to industrial noise" 
was enacted during the Legislative Session of 1971. A 
copy of the Act is included as Appendix A. The enactment 
of Section 92-710, R.C.M. 1947 resulted in statewide 
baseline audiometric testing of industrial employees 
insured by Workmen's Compensation Division^. The Workmen's 
Compensation Division contracted with two Montana based 
companies to perform the audiometric baseline testing -
Northwest Environmental Services, Missoula, tested 
approximately 90 percent of the employees, and Juro's 
Hearing Conservation for Industry, Billings, tested approx­
imately 10 percent in the statewide program. The total 
number of industrial employees tested has been estimated 
by Workmen's Compensation Division to be between 40,000 
and 50,000. The testing program was to begin June 15, 
1971 and be completed not later than January 1, 1972. 
^The Industrial Accident Board of Montana was renamed 
"Workmen's Compensation Division" after the 1971 Legislative 




The Rules of the Workmen's Compensation Division for 
the Administration of Section 92-710, R.C.M., 1947^ include 
standards for audiometers used in providing baseline 
audiometric results and can be seen in Appendix B. In the 
State of Montana, assessment of hearing of employees insured 
by Workmen's Compensation Division was accomplished by the 
two contracting firms using semi-automatic, self-recording 
Grason-Stadler Bekesy audiometers, model 1703. The 
contracting firms used trailers that had been "sound treated" 
and contained a subjects' room partitioned with wood and 
draperies, equipped with four self-recording audiometers to 
test four individuals simultaneously. One technician 
indirectly monitored the ongoing test for four subjects 
at one time from another part of the trailer. 
Major implications of the baseline audiometric testing 
as performed in Montana are that they are valid and reliable 
measurements of hearing thresholds from which all future 
individual compensation claims will be based. The lack of 
provisions for followup testing as well as testing the 
reliability and validity of audiometric measurements 
should be a source of concern in a baseline audiometric 
1 
To the best of the investigator's knowledge, the Rules of 
the Workmen's Compensation Division for the Administration 
of Section 92-710, R.C.M., 1947 were developed arbitrarily 
and it is impossible at this time to determine who 
developed these. 
3 
program such as Workmen's Compensation program» The estima­
tion of the true auditory threshold from a single determina­
tion is subject to considerable uncertainty (Atherley and 
Dingwall-Pordyce, 1963; Gosztonyi, Vasallo and Sataloff , 
1971). Although the audiometers used in statewide testing 
meet the specifications as provided for in the Workmen's 
Compensation Act, the question can be raised whether the 
automatic audiometers should have been supplemented by use 
of conventional pure tone audiometers, the standard against 
which automatic self-recording audiometry has traditionally 
been measured (Glorig, 1965; Rose, 1971; and Newby, 1972). 
Numerous studies have been conducted comparing manual 
with self-recording audiometric thresholds. Jokinen, for 
example, reported subjects of advancing age (12 subjects 
were over age 70, and 2 subjects were over 80) did not 
decrease their performance in automatic audiometry and their 
best thresholds were obtained by automatic pulsed techniques. 
However, two age groups of children (4-5 years old and 8-10 
years old) in a study by Hartley and Siegenthaler (1964), 
yielded more acute audiometric thresholds by conventional 
audiometry than those obtained by automatic audiometry. 
Hirschorn (1967), reporting for industrial audiometric 
programs, writes "in selecting an audiometer there is a 
choice between a manual and an automatic or self-recording 
audiometer plus a manual audiometer". His reason for 
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including the manual audiometer when an automatic instru­
ment is available is that, in the experience of some 
otologists and audiologists, "approximately 12 percent of 
all subjects are unsuitable for automatic audiometry and 
should be tested by conventional methods". In contrast. 
High and Gallo (1963) reported that a tolerable incidence 
of approximately 6 percent excessive variability in an 
industrial monitoring program has been observed in their 
study and also reported by other industrial medical 
directors. Suggestions by Gosztonyi, Vasallo and Sataloff 
(1971) include that "if the first audiogram is done by 
self-recording technique, the second should be performed 
by manual technique". In any case, all authors agree 
that there are some subjects who are not suitable for test­
ing by automatic methods» For the purposes of this study, 
6 percent excessive variability has been accepted as the 
tolerable level for mass industrial monitoring programs, 
as High and Gallo have reported. 
One of the many acceptable means of assessing the 
hearing of individuals is by use of automatic audiometric 
techniques. With an automatic or self-recording instrument, 
the subject controls the test and in effect makes his own 
threshold determination. Automatic audiometric procedure 
provides a graphic record for each audiogram and one 
operator can administer multiple tests at one time. 
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One of the problems inherent in the automatic or self-
recording audiometric method is the necessity of operator 
awareness of subject responses that show erratic or atypical 
tracings» These may signal the need for reinstruction to 
the subject on how to respond. There are certain factors 
to consider in some individuals which in an automatic test 
could lead to erroneous responses and confusion in determina­
tion of hearing thresholds. Some of these factors are an 
abnormally slow reaction time, the presence of tinnitus, 
limits of intelligence, and lack of motivation. 
A necessary part of record keeping includes interpreta­
tion of self-recorded tracings of the automatic audiometric 
method. Incorporated in the "Rules" of the Workmen's 
Compensation Division for the administration of the state­
wide audiometric testing (Appendix B) the self-recording 
automatic audiograms were interpreted by "a physician or 
an audiologist". However, the "Rules" did not specify the 
technique to use for measurement of thresholds from the 
tracings, i.e., whether to read "midpoint", "peak", or 
"valley", or some other alternative, and whether all of 
the excursions at a particular frequency would be included 
in determination of threshold. Further, the rules did not 
provide for limits to excursion size, beyond which a test 
should be considered questionable and the subject should 
have either been re-tested after reinstruction on how to 
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respond, or another test administered using the conventional 
manual audiometric techniques. The "normal" tracing size 
for automatic audiometric test results has not been 
established, however several authors have investigated the 
extent of variability in the excursions. In a study by 
Siegenthaler (1961) the range of excursion size was re­
ported from 2.5 to 16.8 dB at the frequency of 250 Hz; 
1.7 to 14.9 dB at 1000 Hz; and 1.1 to 20.5 dB at 4000 Hz. 
Epstein (1961) reported 7 relatively sophisticated normal 
hearing listeners measured excursion ranges of from 4-9 dB, 
5-17 dB, 8-15 dB and 10-30 dB for attenuation rates of 1, 
2f 3, and 6 dB per second respectively. "There definitely 
seem to be 'narrow swingers' and 'wide swingers* within the 
normal hearing population, the categorization seems depend­
ent primarily on the criterion each listener sets up for a 
'just audible tone'. The wide swingers quite possibly 
wait for complete tonality and recognition while the 
narrow swingers are willing to respond to the initial 
'roughness* just before tonality". According to Istre and 
Barbaccia (1970), tracings which ranged from 30 to 70 dB 
were found in their study and were recorded as "inconsistent 
results"c These amounted to 3.6 percent of the subjects. 
The authors felt these test results were remedied to some 
extent by a more extensive explanation of the recording 
task by the technician and a slightly longer practice 
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session for the participants» Muma and Siegenthaler 
(1966) found 8 5 percent of their subjects had average 
excursion sizes (within 5-15 dB) for both fast and slow 
attenuation rates. They report a clinic patient should 
be considered to have an abnormally large or abnormally 
small average excursion size if his excursions lie outside 
these ranges. High and Glorig (1962) state "the test was 
considered to be progressing satisfactorily if excursions 
of the recording stylus did not exceed a range of about 
20 dB", Gosztonyi, Vasallo, and Sataloff (1971) in an 
investigation of audiometric reliability in industry, 
indicate dubious appearing audiometric responses can 
generally be immediately recognized by an alert and 
experienced technician. Employees giving such responses 
should be scheduled for repeat testing. Standard automatic 
procedures for individual screening in statewide testing 
were achieved using Grason-Stadler 1703 automatic 
audiometers, at frequencies of 500, 1000, 2000, 3000, 4000, 
6000, and 8000 Hz. in the left ear first, at a fixed rate 
or attenuation, and four subjects at a time. 
The repeatability of hearing thresholds by test-retest 
measurements has been investigated by a number of authors 
with widely varying results. The smallest amount of 
fluctuation on test-retest measures was reported by Harris 
and Myers (1954). These investigators used manual 
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audiometers, highly controlled test environments plus normal 
hearing subjects of above average intelligence who were 
"highly cooperative". The results of this investigation 
yielded standard deviations of hearing thresholds of +/-
1 dB to 2.96 dB, depending on whether the test-retest was 
conducted at minute to minute intervals without replacing 
or repositioning earphones, or up to 7-week intervals. 
Using a self-recording audiometer. High and Glorig (1962) 
investigated reliability of industrial audiometry. Of the 
79 men and women subjects, about two-thirds were skilled 
and semi-skilled factory workers and the remainder were 
office workers. These authors found standard deviations 
of the differences between first and second hearing test 
score distributions ranged from 3.65 dB (right ear at 
2000 Hzo) to 5.44 (left ear at 6000 Hz.). The reliability 
of these measurements was considered by the authors to be 
adequate for the purposes to which industrial audiograms 
are put. In a review of clinical literature on repeated 
audiograms, Wertheimer (1955) found that "a second deter­
mination will yield thresholds within 4.2 dB of the first 
determination about 65 percent of the time, and individual 
test-retest audiograms taken by the same operator will 
yield standard deviations between the first and second 
audiogram ranging from 3.6 to 4.6 dB". O'Connell and 
Hamlyn (1959) studied the variability of 9 serial audiograms 
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obtained by Rudmose ARJ-3 automatic audiometers. The 
subjects were 42 airmen, 17 to 24 years old, who were 
otologically normal. The airmen subjects were "carefully 
instructed to render as 'good' a test as possible". Of 
these 42 subjects, 71 percent showed a range of threshold 
scores of 20 dB or more at least once; several subjects 
showed this range of scores more than once at a different 
or the same frequency. Atherley and Dingwall-Fordyce (1963) 
did not list the type of audiometer used in their study 
concerned with the reliability of repeated auditory thresh­
old determinations. However, these authors found differ­
ences between consecutive short-term serial measurements 
of audiometric thresholds extended to 25 dB for 12 
otologically normal male medical students. 
The aforementioned studies have prompted investiga­
tions to determine the allowable difference of repeated 
audiometric measures. McCommons and Hodge (1969) reported 
"the best audiometric record is one that is reliable, is 
representative of the subject's actual threshold, and 
exhibits the smallest reasonable amount of variability 
(extreme spread equal to or less than 10 dB). Similarly, 
in a study evaluating audiometric results of personnel 
employed by a heavy industry, Gosztonyi, Vasallo and 
Sataloff (1971) defined unreliable findings as a differ­
ence of greater than 10 dB in one or both ears. In 
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addition, these authors found the prevalence of unrelia­
bility for various reasons including compensation litiga­
tions, was far higher in audiograms obtained by self-
recording audiometry than by manual audiometry. 
Research related to the audiometric reliability of 
industrial audiometry by High and Gallo (1963) reveals 
that the test frequencies in descending order of reliability 
were 500, 1000, 2000, 6000 and 4000 Hz. These investigators 
used two manual audiometers and found that 7.8 8 percent of 
their subjects were included in an "excess variability 
group"o It was further stated "when factors responsible 
for changes in hearing measures cannot be discovered in 
medical histories or in noise exposure records, a more 
accurate estimate of the individual's hearing level may be 
obtained by retesting the person three or more times on 
different days and taking the mean of the several tests as 
the measure of the hearing level". In a similar investiga­
tion, High and Glorig (1962) state "the problem of excessive 
variability is considered to be of sufficient importance to 
warrant further study. The implications for both industrial 
and clinical audiometry would be important, if for example, 
it were discovered that the occurrence of excessive 
variability on one or more test tones is not distributed 
according to the laws of chance. If some proportion of 
the population characteristically shows excessive variation. 
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then establishing an accurate hearing threshold for those 
individuals will obviously involve more than the routine 
administration of a single hearing test". As mentioned 
previously. High and Gallo (1963) write that excessive 
audiometric variability of approximately 6 percent would 
be tolerable in an industrial hearing monitoring program, 
and further state "the incidence of unaccountably large 
hearing loss changes on successive occasions reported by 
several industrial medical directors responsible for 
audiometric testing programs was observed to occur in 
slightly less than 6 percent of the cases". 
Problem and Purpose 
Rollowing implementation of Montana Public Law, 
Section 92-710 (B) of the Workmen's Compensation Act, 
calling for provision for compensation for loss of hearing 
resulting from exposure to industrial noise, the baseline 
audiometric thresholds of employees were obtained on a 
statewide basis by two independent contracting companies 
using automatic self-recording audiometers, beginning in 
June 1971. However, the Act did not define the training or 
level of competency of the technicians, did not insure that 
1 subjects from a high noise risk industrial setting receive 
For the purposes of this study, high noise risk industrial 
setting is used as defined in Guidelines to the Department 
of Labor's Occupational Noise Standards, Bulletin 334 
(Revised 1971), U. S. Department of Labor, Occupational 
Safety and Health Administration. 
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testing prior to work shift to guard against a temporary 
threshold shift, and did not provide for follow-up testing 
procedures as recommended by many authors (Atherley and 
Dingwall-Fordyce, 1963; High and Gallo, 1963; Gosztonyi, 
Vasallo and Sataloff, 1971). 
Individuals, employers, and state agencies will 
presumably use results of the automatic audiometric 
techniques from the Workmen's Compensation Division records 
as valid and reliable assessments. Because of the 
objective of the Workmen's Compensation program to assess 
baseline hearing levels to be used as reference levels of 
hearing, it becomes extremely important that the guidelines 
and procedures of the statewide audiologic testing be in 
accordance with the best available technological information 
and that the results be in fact both reliable and valid. 
For both automatic and manual techniques, care must be 
exercised to maintain properly calibrated instruments, 
monitor noise levels in the testing area to be sure they 
meet acceptable standards^, assure that testing is accom­
plished before employee's work in noise could cause a 
temporary threshold shift, provide competent supervision of 
ongoing testing and give reinstruction when necessary, and 
assure careful record keeping. 
^American National Standards Institute guidelines (ANSI 
S3.1-1960 (R-1971). 
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Because of the many potential sources of error in mass 
audiometric testing of this kind and because of the concern 
expressed by previous authors to include manual follow-up 
testing, this study has been designed to assess reliability 
between results of automatic hearing testing as contracted 
by Workmen's Compensation Division of the Department of 
Labor and Industry in the State of Montana, and conventional 
manual methods of hearing testing, done under accepted 
standardized conditions. 
Experimental Hypothesis 
Following the enactment of Montana Public Law, 
Section 92-710 (B) of the Workmen's Compensation Act, the 
Workmen's Compensation Division of the State of Montana has 
obtained baseline audiometric measurements of an estimated 
40,000 to 50,000 employees. The structure of the law which 
preceded actual test procedures, and the test procedures 
themselves, have inherent problems. These have led the 
investigator to be concerned that the baseline audiometric 
thresholds are not in fact as representative a measure of 
individual's hearing levels as the Workmen's Compensation 
Division intended them to be. To assess the reliability 
of the baseline audiometric thresholds, this study has 
employed the use of manual pure tone audiometric tehcniques 
to obtain pure tone thresholds for comparison of results„ 
14 
For the purposes of statistical analysis of the data, the 
null hypothesis was tested, i.e. there are no differences 
between the manual audiometric measurements obtained by 
this author and the automatic self-recording audiometric 




Hearing testing on a statewide level to provide base­
line threshold measurements on employees insured under 
Workmen's Compensation Division was accomplished between 
June 15, 1971 and January 1, 1972. The hearing testing 
was contracted by two independent industrial hearing test­
ing companies in Montana using automatic, self-recording 
audiometers in specially designed trailers. To investi­
gate the validity and reliability of these statewide 
baseline audiometric screening test results, a sample of 
190 individuals, chosen as randomly as possible and divided 
approximately equally between high noise risk industry and 
low noise risk industry, were tested by manual audiometric 
methods and their results were compared with the hearing 
threshold data for the Workmen's Compensation Division. 
Subjects 
Criteria for the selection of subjects were that they 
be employed, that they had automatic audiometric testing 
previously accomplished through sponsorship of the Workmen's 
Compensation Division of Montana, and that they were avail­
able for manual pure tone testing on an individual basis 
under standardized, carefully monitored test conditions » 
15 
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The experimental sample consisted of 190 adults from the 
Missoula area. Eighty-nine subjects were employed in a 
high noise risk industrial setting, specifically lumber 
mills. In addition, 101 subjects were from a low noise 
risk industrial environment (a hospital and a university). 
The subjects were not selected because of complaints or 
dissatisfaction with previous testing, but in as random a 
way as possible compatible with testing procedures and 
selection criteria. The manual hearing tests were conducted 
under as nearly idealized testing conditions as possible, 
including equipment subjected to daily calibration checks 
at all frequencies and for both earphones. In all cases, 
a sound-treated room meeting ANSI Standards was used to 
obtain the manual data and ambient noise levels were con­
sistently measured under field conditions, particularly 
during periods of mill operation, to insure compliance of 
test environment with acceptable noise levels. A sound-
treated mobile hearing testing unit was used for the manual 
audiological testing conducted at the lumber mills and at 
the university; a specially designed sound-treated room 
was used in the hospital testing. 
The audiologist for the manual method was a graduate 
student in Speech Pathology and Audiology at the University 
of Montana. Prior to this experiment, competency was 
demonstrated in audiological testing by course-work. 
17 
clinical experience and finally by submitting a statistical 
comparison of threshold data obtained on a number of 
individuals tested by a staff audiologist for the University 
Speech and Hearing Clinics and this experimenter. The 
obtained F-ratio between the two audiologists was not 
significant at the .05 level. This and additional compari­
son of the data were considered sufficient reason for 
accepting the hypothesis that the two sets of audiological 
test results were similar and that therefore the experi­
mental testing was performed by a competent audiologist 
(see Appendix C). 
Test Methods 
Automatic. The method described by Rudmose (1963) has 
been utilized in statewide testing. A motor-driven 
attenuator increased the intensity level of the tone as 
long as the response button was not depressed, and decreased 
the level while the button was held down. In this manner, 
the recorder traced back and forth across the subject's 
thresholds? which were defined as being at a point halfway 
between pen reversals. In the testing done for Workmen's 
Compensation Division the audiograms were interpreted by 
physicians or audiologists and then stamped according to 
their classifications (see Appendix B). Because this was 
a screening process, thresholds levels were not recorded. 
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For the purposes of Workmen's Compensation Division, 
classification for compensation was dependent on the 
interpretation of the hearing thresholds tracings at 
frequencies of 500, 1000, and 2000 Hz, Thresholds above 
2000 Hz. were also classified, but not for compensatory 
purposes. The four classes into which the audiograms 
were grouped can be found in item 8 of the Rules of 
Industrial Accident Board for the Administration of 
Section 92-710, R.C.M., 1947, in Appendix B, 
Manual. Modification by Carhart and Jerger (1959) 
of the Hughson and Westlake (1944) method was used for 
the manual testing. Intensity was set at 0 dB. A tone 
was introduced for a 1- to 2-second period. If no response 
was obtained, the level was increased in 10 dB steps until 
a response was obtained. The intensity of the tone was 
then decreased in 10 dB steps until the subject failed to 
respond. Intensity was then raised in 5 dB steps until the 
subject responded, then dropped 10 dB, and again raised in 
5 dB steps. Threshold for that frequency was recorded as 
the lowest level at which two responses out of three 
presentations were obtained. For greater assurance that 
thresholds obtained were as accurate a measure as possible, 
the examiner frequently repeated the test at any threshold 
and in either ear that was considered questionable in light 
of the test results and response pattern of the subject. 
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These repeat procedures were continued until results 
satisfactory to the examiner were obtained. 
Task 
The experimenter obtained automatic audiometric data 
from Workmen's Compensation Division for the initial state­
wide testing. These records were interpreted by the 
author to the nearest 5 dB measurement. To assure accuracy 
of interpretation, two independent readings were made of 
each audiogram. For this study, 190 subjects received 
manual audiometric testing. At the time of the manual 
testing, each subject indicated that they had been a part 
of the screening testing for the state. Workmen's Compensa­
tion Division provided copies of audiograms for 166 
individuals. The contracting agent for Workmen's Compensa­
tion Division audiological testing in Missoula, who had 
tested approximately 90 percent of the statewide population, 
was able to provide an additional 10 subject records that 
Workmen's Compensation could not provide. These data were 
utilized in the analysis, however to the best of the 
author's knowledge, they were not available in the Workmen's 
Compensation files. 
The participating subjects from a high noise risk 
industrial population were tested prior to going on work 
shift by manual pure tone audiometric methods at frequencies 
20 
of 500, 1000, 2000, 3000, 4000 and 6000 Hz. In addition, 
most of these subjects had received a second self-recording 
audiometric examination by the same contracting firm that 
had obtained the initial measurements, however the second 
examination was under the sponsorship of their employers 
and the data are not available to Workmen's Compensation 
Division. The subjects in this study from the low noise 
working population had no second self-recording test. 
Frequencies tested were the same for all groups with the 
exception that those subjects from the university were not 
1 
tested using the manual method at 3000 Hz. 
Equipment 
Manual testing was conducted in a specially constructed 
sound-treated trailer and in a specially constructed sound-
treated hearing testing room. The background noise was 
routinely monitored and the testing environment met American 
National Standards Institute guidelines (ANSI S3ol-1960R-
1971) under all test conditions. Two audiometers were used 
for the manual tests. They were a Beltone 15-C and a 
Beltone 10-D. These audiometers were calibrated daily 
"k^ly frequencies of 500, 1000, and 2000 Hz. will be utilized in 
detemining baseline thresholds for future carpensation, Ifowever, as 
infomation became available that Workmen's Compensation testing covered 
the frequency of 3000 Hz., the investigator also tested at this 
frequency. Manual testing at 8000 Hz. was not included on any of the 
manual tests primarily because of the inherent instability of hearing 
measures at this frequency and also because catpensation will not be 
bas^ on results obtained at this frequency. 
21 
utilizing a Bruel and Kjaer artificial ear and associated 
equipment» 
Experimental Design 
Manual pure tone audiometry has been cited as the 
standard against which automatic audiometry has been 
measured (Glorig, 1965; Rose, 1971; and Newby, 1972). 
Hearing levels of 190 subjects obtained by the two methods 
were individually compared by ear and at each of the 
frequencies specified above. A difference of greater than 
10 dB for any individual at any frequency, on test-retest 
1 
measures of Tests I, II and III g was considered to be an 
unacceptably large variationo Data are presented in 
summary form in Tables 1, 2, 3 and 4, and completely in 
Appendix D. 
Statistical analysis applied to the data was an F-test 
designed to determine significant differences between 
frequencies and ears for high noise risk experimental 
subjects between manual (Test III) and automatic (Tests I 
and II)o Additionally, an F-test was applied to the low 
noise risk subjects between manual (Test III) and automatic 
(Test I)o Further, Tukey's test was applied to the high 
^est I refers to autonatic baseline testing obtained for Workmen's 
Carpensation Division; Test II refers to automatic testing obtained 
independently by the sanne contracting firm that had obtained the 
initial measuremalts; Test III refers to conventional manual 
audianetric threshold measures obtained by the investigator» 
22 
noise risk subject data after the F-test to determine if 
the differences between Test Ill-manual and Test I-automatic; 
between Test Ill-manual and Test Il-automatic; and between 
Test I-automatic and Test Il-automatic were significant. 
Tables 6 and 7 display results of F-tests and Table 8 
shows results of Tukey's test. 
CHAPTER III 
RESULTS 
Comparison of individual thresholds of hearing 
accomplished by automatic audiometric methods for statewide 
baseline measurements and manual audiometric methods were 
obtained for both high noise and low noise work environment 
subjects. The subjects from high noise risk environments 
have in most cases received two automatic hearing threshold 
determinations, as was previously mentionedo The subjects 
from low noise working conditions were given only one 
automatic threshold test preceding the experimental manual 
test. Results of the individual hearing thresholds obtained 
by the two methods (automatic and manual) are in Appendix D 
in complete form. The numeral I denotes automatic test 
results obtained for the state baseline records; numeral II 
denotes a later, repeat automatic test done for independent 
employers; numeral III denotes manual pure tone threshold 
test results. The differences, in decibels, between Test I-
automatic and Test Il-automatic, Test I-automatic and 
Test Ill-manual, and Test Il-automatic and Test Ill-manual 
for each frequency and by ear are shown in Appendix D and 
displayed in Tables 1, 2, 3 and 4» 
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The differences in decibels between each test, for 
each individual's 12 threshold measurements (6 frequencies 
in each ear) are displayed in Tables 1, 2 and 3 for the 
high noise risk subjects and comparably for the low noise 
risk subjects in Table 4. Each individual threshold 
measurement is indicated by a numerical entry on Tables 
1/ 2, 3 and 4, A line drawn between 10 and 15 dB hearing 
level indicates that above the line differences (equal to 
or less than 10 dB) are results between the designated 
tests that are considered acceptable (Gosztonyi, Vasallo 
and Satalofff 1971). Differences for individuals on test-
retest measurements between the designated tests that fall 
below the solid line (equal to or more than 15 dB) are 
differences which are considered to be excessive and 
therefore not acceptable» Thresholds differing by 15 dB 
or more amounted to 20.62 percent of the total threshold 
measurements in this study. The high noise risk subjects 
had 20.9 percent excessive difference measurement; the low 
noise risk subjects had 20.3 percent of the total threshold 
in excess of the cutoff point. 
Individual threshold differences of a more extreme 
value are displayed on Tables 1, 2, 3 and 4 by numerical 
entries below a broken line drawn between 25 dB and 30 dB. 
Thresholds differing by 30 dB or more on test-retest 




















HIGH NOISE RISK SUBJECTS 
Distribution of differences by decibels, frequencies 
and ears of results comparing threshold measurements 
of Test I-autonatic with Test Ill-manual 
right ear left ear 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
24 28 35 14 19 12 21 21 15 17 12 15 
34 39 25 31 26 26 31 26 46 27 26 26 
16 9 16 24 15 15 14 19 20 15 16 16 
7 5 6 10 11 13 2 13 1 13 12 5 
1 5 7 9 3 6 8 9 
1 1 2 2 3 5 2 1 2 2 2 
1 2 1 1 1 2 1 3 1 
1 1 1 1 2 
1 1 1 2 2 
1 1 2 2 1 2 
1 1 

























HIGH NOISE RISK SUBJECTS 
Distribution of differences by decibels, frequencies 
and ears of results comparing threshold measurements 
of Test I-autanatic with Test Il-autonatic 
right ear left ear 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
30 40 29 19 21 13 26 33 17 27 23 14 
33 29 38 41 35 23 35 33 48 29 24 24 
14 9 11 12 15 21 13 13 13 13 19 10 
3 2 2 6 1 8 3 2 2 7 6 16 
1 2 3 7 1 3 1 5 
2 4 1 4 1 2 3 











































HIGH NOISE RISK SUBJECTS 
Distribution of differences by decilels, frequencies 
and ears of results carparing threshold measuranents 
of Test Il-autanatic with Test Ill^maiual 
right ear left ear 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
30 32 31 9 17 17 26 23 30 10 14 20 
35 37 36 34 31 33 31 40 34 29 24 21 
17 10 9 26 16 13 19 17 13 22 17 19 
2 4 6 7 13 9 5 2 5 15 12 11 
1 1 3 6 2 7 1 2 6 13 8 
1 1 2 2 4 1 2 2 
1 1 1 4 2 2 1 
2 2 1 1 















LCW NOISE RISK SUBJECTS 
Distribution of differences by decibels^ frequencies 
and ears of results comparing threshold measurements 
of Test I-autonatic with Test Ill-manual 
right ear left eac 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
18 22 21 23 31 24 15 19 19 17 19 15 
24 39 39 19 17 25 17 24 31 19 27 24 
19 14 17 10 24 14 20 20 20 11 25 18 
11 5 6 1 6 8 13 8 8 6 7 11 
7 3 1 1 4 9 5 5 5 6 12 
4 2 1 1 4 3 6 1 2 1 5 
1 1 1 2 1 1 
3 2 1 
1 1 1 2 1 
2 
3 1 1  1 3 6 4 1  1  
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difference threshold measurements for the purposes of this 
study. Calculation of the thresholds measurements for the 
test-retest differences for the high noise risk subjects 
yielded 4*94 percent extreme differences between Test I-
automatic and Test III-manual; 4« 1 percent extreme differ­
ences between Test I-automatic and Test Il-automatic; and 
3.1 percent extreme differences between Test Il-automatic 
and Test Ill-manual. A comparable examination of test-
retest measures for low noise risk subjects yielded 5«20 
percent extreme differences between Test I-automatic and 
Test Ill-manualo 
In addition to the threshold differences on test-
retest deemed excessive as explained abovey a number of 
measurements were determined to be not calculable» While 
most authors recommend 20 dB swings as the allowable 
excursion at any frequency, the most lenient recommendations, 
those advocated by Istre and Barbaccia (1970) (allowing 30 
dB swings) were followed because of the investigator's 
intent to interpret automatic audiograms for this study in 
the most liberal manner. Overall subjects' responses rated 
as "inconsistent" and therefore not calculable made up 2.23 
percent in this study. For the high noise risk subjects, 
Test I-automatic yielded 2.32 percent not calculable 
responses; for the low noise risk subjects. Test I-automatic 
yielded 2.14 percent not calculable responses. For the 
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manual method^ Test III, there were no subjects that were 
not testable and therefore, no responses that were not 
considered to be calculable» For the high noise risk sub­
jects receiving Test Il-automatic, .13 percent of the total 
number of responses were interpreted by the investigator as 
not being calculable using the same criteriao 
In addition to not calculable responses and to 
excessively different responses as mentioned above, a 
number of subject records were not accessibleo Of the 190 
original subjects included in this study^ records for 24 
subjects were not available from the Workmen's Compensation 
Division. 
1 
For the 176 subjects whose records are complete for 
Test I-automatic and Test Ill-manual^ 138 subjects audiograms 
showed excessive variability (defined as 15 dB) or more 
difference) on the test-retest measures at one or more 
frequencies» Thus, 78 percent of the 176 subjects showed 
excessive variability at one or more frequencies. 
The threshold measurements listed in Appendix D were 
subjected to an analysis of variance technique using a 
DEC-system 10 computer, with the exception that data of 
individuals with one or more not calculable threshold 
contracting agent for Workmen's Catpeisation Division provided an 
additional 10 subject records that were not available from Workmen"s 
CorpensaticHi Division, therefore the total subject records became 176. 
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measurements were omitted from computer analysis» Other 
reasons for exclusion of data from computer analysis 
included baseline testing records that could not be located, 
and the few individuals of the high noise risk environment 
who did not receive Test Il-automatic. Consequently, 
complete audiological data for a total of 146 subjects 
were submitted to computer analysis. Of these subjects, 
73 were from the high noise risk working environment, and 
73 subjects were from the low noise risk working environ­
ment. The mean threshold values of 146 subjects are shown 
by test, frequency and ear on Table 5. In addition, the 
mean scores for the same 146 subjects are plotted in 
audiograms in Figso 1 and 2 for the high noise risk working 
subjects and in Figs. 3 and 4 for the low noise risk 
subjects. The mean scores of the high noise risk subjects, 
combining right and left ears, but showing individual 
frequencies by test are seen in Fig. 5, and the mean scores 
of low noise risk subjects combined in the same manner are 
plotted in Fig. 6. Summaries of the analysis of variance 
for the high noise risk subjects, Tests I, II, and III and 
the low noise risk subjects. Test I and III are presented 
in Tables 6 and 7 respectively. The F-ratios for difference 
between tests, and difference between Test X Frequency are 
significant at the .01 level. Tukey's test for separate 
TABLE 5 
M^n thresholds for 146 st±»ject°s data 
submitted to conputer analysis 
Frequencies 
500 1000 2000 3000 4000 6000 
Low noise risks 73 subjects 
Right ear 
Test I 15.34 10.68 11.23 * 20.82 29.18 
Test III 9.66 8.49 11.85 * 21.58 27.81 
Left ear 
Test I 18.15 14.73 13.49 * 23.29 33.77 
Test III 8.01 6.58 9.73 * 25.89 31.16 
High noise risks 73 subjects 
Right ear 
Test I 12.47 12.95 15.41 30.27 40.27 43.90 
Test II 12.25 12.25 15.96 28.63 38.15 36.51 
Test III 11.51 10.75 14.59 34.59 42.53 43.15 
Left ear 
Test I 15.00 14.04 18.56 33.77 44.32 45.68 
Test II 13.97 12.33 19.18 29.86 38.49 37.53 
Test III 9.38 8.29 18.08 38.22 48.77 43.84 
*Data was not ccnputed for low noise risk subjects at 3000 Hz. 
because the imiversity snijjects were not tested at this frequency. 
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Pure Tone Test 







































High Noise Id.sk SiAjects 
Mean scores of right ears obtained fron caiputerized data 
Test I-autonatic O O 
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High Noise Risk Subjects 
Mean scores of left ears obtained from ooitpiterized data 
Test I autcmatic O O 
Test Il-autcmatic D— 









Pure Tone Test 




























Low Noise Risk Subjects 
Meai scares of right ears obtained frcm ocnputerized data 
Test I-autonatic O O 
Test III-iTianual Ar 
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Pmre Tone Test 
Frequencies in Hertz 
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Low Noise Risk Subjects 
Mean scores of left ears obtained fran coiputerized data 
Test I-autaiatic 0 O 
Test Hl-manual • • 
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Pure Tone Test 
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High Noise Risk Subjects 
Ccxtçosite mean scores y both ears, obtained fron carçuterized data 
Test I-autonatic o— --CD 
Test Il-autonatic Q-'-'-Q 
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Low Noise Risk Subjects 
Carposite mean scores# botii ears, obtained frcm ccnputerized data 
Test I~autatiatic O 0 
Test Ill-manual — 
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TABLE 6 
ANALYSIS OF VAEOANŒ 













Test 3684.72 2 1842.35 5.424 .01 
Error 48915.3 144 339.689 
Total 52600.02 146 2182.039 
Test X 
Frequency 11326.0 10 1132.60 19.424 
1—Î o
 
Error 41982.5 720 58.3091 
Total 53308.5 730 1190.9091 
Ears 2228.46 1 2228.46 4.150 
in o
 
Error 387114. 72 5376.59 
Total 389342.46 73 7605.05 
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TABLE 7 
ANALYSIS OF VARIANCE 













Test 3270.02 1 3270.02 19.800 
1—1 O
 
Error 11901.2 72 165.156 
Total 15171.22 73 3435.176 
Test X 
Frequency 3925.45 4 981.361 25.765 .01 
Error 10969.5 288 38.0887 
Total 14894.95 292 1019.4497 
Ear 1202.48 1 1202.48 4.953 .05 
Error 223964. 72 3110.61 
Total 225166.48 73 4313.09 
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analysis of results of Test I-automatic^ Test Il-automatic 
and Test Ill-manual was applied a posteriori because the 
analysis of variance was significant for high noise risk 
subjects. Results of this test are presented in Table 8. 
Tukey's test results show no significant difference between 
Test I-automatic and Test Ill-manual, but applied between 
Test I-automatic and Test Il-automatiCy and also applied 
between Test Il-automatic and Test Ill-manual the differ­
ences are significant at the .01 level. 
TABLE 8 
Tukey's Test 
Formula : - M2 
1/ MS/n n=876 
Test 





I and III 3941 
II and III 3.8223 
CHAPTER IV 
DISCUSSION 
This investigation was conducted to assess the 
reliability and validity of baseline hearing data obtained 
for Workmen's Compensation Division of the Department of 
Labor and Industry, State of Montana, in accordance with 
Montana Public Law, Section 92-710 (B) of the Workmen's 
Compensation Act. This Act provided that baseline audio-
metric measurements be obtained during the last six months 
of 1971 for the Workmen's Compensation Division of the 
Department of Labor and Industry, and that future compensa­
tions for loss of hearing due to noisy employment conditions 
will be determined from the baseline threshold measurements 
for the individual tested at that time. Baseline hearing 
measurements were obtained in accordance with this act on 
an estimated 40,000 to 50^000 industrial employees» 
The Workmen's Compensation Division baseline audiometric 
measures were obtained using self-recording, automatic 
audiometric methods - these are designated as Test I in 
this investigation. To investigate the reliability of the 
baseline audiograms obtained for Workmen's Compensation 
Division in Montana, retesting of 190 experimental subjects 
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(who previously received baseline automatic testing) was 
accomplished by conventional manual audiometric techniques -
these manual test results are designated as Test III. For 
the Test Ill-manual techniques, the standard conditions for 
strict adherence to allowable background noise levels and 
daily instrument calibration at all frequencies for both 
earphones were followed. Approximately one-half of the 
subjects included in this study were drawn from a high 
noise risk working environment and the other half were 
drawn from a low noise risk working environment. Addition­
ally, most of the subjects from the high noise risk working 
environment received a second automatic self-recording 
examination performed for their employers by the same 
contracting company retained by Workmen's Compensation 
Division to obtain the original baseline audiometric 
measurements. The data from the independently obtained 
automatic measures of hearing thresholds has been designated 
as Test II. It should be noted that independently obtained 
hearing threshold measurements, such as those included in 
Test II are not available to the Workmen's Compensation 
Division. 
Accuracy of the manual method data has been 
established through rigidly controlling the quality of 
testing facilities, as mentioned above, and through 
demonstrated competency of the investigator performing 
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standard manual audiometry. Manual audiometry is the 
standard against which automatic audiometry has tradition­
ally been measured; and because the individual subjects in 
the manual procedures were tested until the investigator 
was satisfied that threshold measurements were actually 
representative of the subject's psychophysiological 
thresholds, the investigator has therefore made the 
assumption that results of the manual audiometric method 
are valid, and has used this test as the criterion against 
which the automatic test data are compared. 
Of the original 190 subjects tested by conventional 
manual audiometric methods by this investigator for 
comparison with state baseline measurements, 44 subject's 
data were excluded from computer analysis. The reasons for 
exclusion have been previously cited in Chapter III. The 
complete data for 146 individual subjects were submitted to 
an analysis of variance by computer analysis (summary of 
results in Tables 6 and 7). The summary of the analysis 
presented in Table 6 for the high noise risk subjects shows 
the F-ratio for between tests is significant at the .01 
level. However to examine non-chance variation among the 
means of the three tests, Tukey's Test was applied and the 
results are seen in Table 8. The results of the applica­
tion of this test indicate that Test I-automatic baseline 
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measurement differs significantly from Test Il-automatic 
independent test. There is a similar significant difference 
at the .01 level of confidence between Test Il-automatic and 
Test Ill-manual. This investigator did not, as a part of 
the original experimental design, postulate about differ­
ences between the two automatic tests, or between the 
independently obtained Test Il-automatic and Test Ill-manual 
because the independent test was not a part of Workmen's 
Compensation Division records. However, as noted previously, 
the automatic self-recording tests were accomplished by the 
same contracting company. It is presumed the automatic 
tests were conducted with the same equipment including the 
same automatic audiometers and the same sound-treated 
trailers. However, at the time of Test Il-automatic, the 
contracting testing company had employed the services of a 
clinically certified^ audiologist to supervise the testing. 
The unexplained difference in test results between the two 
automatic tests might be accounted for by the increased 
level of competency of the technical supervision provided 
by the audiologist, improved instructions to the subject, 
variations of ambient noise, subject sophistication, 
psychophysiological condition of the subjects, or differ­
ences in calibration of equipment. Although any one or 
^Holding the Certificate of Clinical Competency in Audiology 
from the American Speech and Hearing Association. 
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combination of the foregoing reasons for the differences 
between the two automatic tests is possible, the most 
plausible explanation would seem to be the influence 
supplied by the quality of supervision of the audiological 
procedures for Test Il-automatic conditions. 
The results of analysis using Tukey's test between 
Test I-automatic and Test Hl-manual do not show significant 
difference, and therefore the null hypothesis, that there 
is no difference between baseline automatic audiometric 
results and manual audiometric results is acceptable. 
However, this investigator considers this a misleading 
assumption. An investigation by Rodda (1965) documents the 
tendency for errors to cancel each other out in mean results, 
and it is apparent from the mean threshold values displayed 
in Table 5 that for the high noise risk subjects this is 
the reason for the non-significant differences found on 
application of Tukey's test. The difference between the 
means of Test I and the means of Test III for example, is 
.25 dB, whereas the difference between the means of Test I-
automatic and Test Il-automatic is 2,6 dBy and the difference 
between means of Test Il-automatic and Test Ill-manual is 
2,4 dB. The statistical analysis for high noise risk subject 
data between Test I-automatic and Test Il-automatic show 
significance at the .01 level of confidence as does the 
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analysis between Test Il-automatic and Test Ill-manual » 
This would be expected because of differences in mean 
results, and lends support to the conclusion that these 
tests are not considered equal. 
In the statistical analysis, it should be noted there 
were a number of subjects whose data were so erratic or 
incomplete that they could not be used in computer analysis, 
therefore many extremes were not included in the analysis 
of Test I-automatic versus Test Ill-manual « There were 
exclusions necessary for Test Il-automatic as well; however 
there were markedly fewer than for the original automatic 
test (Test I). For Test Ill-manual no exclusions for 
erratic or incomplete data were necessary» Statistical 
analysis shows Test I and Test II differ significantly, and 
on the basis of necessary exclusion of some extreme or 
incomplete data, there is support for the investigator's 
observation that there is a difference in quality of 
Test I-automatic and Test Ill-manual. 
Of constant concern to all industrial audiometric 
testing is the problem of minimizing or eliminating 
temporary threshold shift. It is possible that a substan­
tial number of the subjects whose data were not complete or 
were so erratic as to be unusable for statistical analysis 
had their audiometric results compounded with temporary 
threshold shift. On the basis of published information 
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(Maas, 1972; Kryter, 1973) there seems to be a real neces­
sity for avoiding temporary threshold shifts in individual 
audiometric screening procedures. The rationale for gather­
ing baseline audiometric data requires true threshold 
measurements. The presence of a temporary threshold shift 
in baseline measurements would hamper objectives of a 
hearing conservation program including protection of 
individual's hearing in noisy environments due to erroneous 
baseline scores, subsequent test measurements, and for 
adjudication purposes. For statistical purposes, this 
factor was minimized in Test Ill-manual. 
The analysis of variance of the low noise risk 
subjects shown on Table 7 indicates significant F-ratios 
for between test (Tests I-automatic and Ill-manual) and 
for between Test X Frequency with an obtained significance 
at the .01 level. 
The between ears F-ratios for both high noise risk 
and low noise risk subjects are significant also (.05 level 
of confidence). Information compiled by Berlin and Lowe 
(1972) lends support to the theory that the right and left 
ear are possibly not equal, mainly due to cortical dominence 
in one or the other hemisphere. Another explanation may be 
that in a population such as in the State of Montana where 
a large number of the population use firearms for hunting, 
an adult, predominately male group testing may show right-
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left ear differences. For the high noise risk subjects 
specifically, some individuals receive more noise exposure 
in one ear than the other because of proximity to the noise 
source, and if this is not a random kind of experience 
differences well may be significant. Another possibility for 
this difference between ears is the presence of tinnitus, 
more pronounced in one ear than the other that would cause 
spurious responses. 
It should also be noted that testing subjects who are 
relatively disinterested requires competent monitoring of 
the ongoing audiological test responses and continued 
checking for consistent test results. While the actual 
psychophysiological condition of the subjects is not known, 
this factor, under Test Ill-manual conditions was 
anticipated and was as carefully controlled as possible. 
This may well account for the difference in results between 
automatic thresholds obtained for Workmen's Compensation 
Division and thresholds obtained by the manual method. 
Mention has previously been made of acceptable stand­
ards for background noise in the testing environment. In 
the manual testing situation, one subject at a time was in 
the test room, while in the automatic test condition, up to 
four subjects at a time were in the scune room. Although 
sound proofed for outside environmental noises, the noises 
and distraction for the mass audiometric test procedures 
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were those of four subjects in one room. As provided by 
American National Standards Institute, the ambient noise 
levels in the subject's testing suite for the manual test­
ing were routinely checked at all frequencies, especially 
under full mill operation, and in every case levels were 
found to be within allowable limits. Although not written 
into Montana Public Law, the "Rules" for the Workmen's 
Compensation Division specify that a certain criteria for 
noise in test environment must be met. This is included in 
item 6 of the rules. Because 4 subjects were tested at one 
time, it may be that in certain cases the noise level 
within the test environment and/or the distraction of a 
subject could cause inconsistent results. 
The interpretation of the automatic baseline audio­
grams for the Workmen's Compensation Division has been 
described in Chapter I under Procedures. The investigator, 
after fully researching the available literature regarding 
interpretation of automatic audioitetric tracings, 
interpreted each audiogram two times, to the nearest 5 dB 
measurement. Oh the first interpretation, the threshold 
values were recorded on a permanent record - similar to the 
form in Appendix D. In the same manner, the manual results 
were recorded. Later, the investigator reinterpreted each 
audiogram at each frequency, each ear, and for each test, 
independently of the first interpretation. An assistant 
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documented the agreement with the original interpretations 
of automatic tracings and readings of manual test results. 
In this manner, consistent interpretations of audiometric 
threshold values and accurate record keeping were assured» 
While the statistical analyses as described above are 
traditionally the basis for providing proof of significance 
or lack of it, inspection of individual thresholds obtained 
by test-retest measures are viewed by this investigator as 
being an important part in assessing reliability of mass 
audiometric screening. An estimated 40,000 to 50,000 
industrial employees in the State of Montana will rely on 
these measurements to be accurate individual baseline 
hearing measurements. Because of the uniqueness of each 
individual's hearing acuity it is extremely important that 
threshold measurements be inspected individually. Tables 1, 
2, 3 and 4 displaying difference distribution on test-
retest measurements show the high noise risk industrial 
subjects have a range of excessive difference in decibels 
extending from 15 dB to 95 dB. The low noise risk 
industrial subjects show an excessive difference range of 
from 15 dB to 45 dB on test-retest measurements. The 
explanation for the larger range of differences in high 
noise risk subjects could be on the basis of tinnitus 
and/or temporary threshold shift. The smaller range of 
differences on test-retest for the low noise risk 
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industrial subjects would tend to support this hypothesis, 
in view of the fact that there should be very little 
temporary threshold shift caused by work in a low noise 
environment for these subjects. The Montana Law providing 
for audiometric baseline testing made no provisions for 
testing prior to work in noisy environments; neither did 
the rules for Workmen's Compensation Division administra­
tion of hearing testing provide that employees be tested 
prior to working in noise. In actual practice, testing for 
baseline measurements took place during regular working 
hours, thus the possibility of including in the auditory 
measurement temporary threshold shifts was always a 
potential factor for distorting or inflating audiometric 
results. 
While a number of audiometric threshold measurements 
(nearly 80 percent) are within acceptable limits of equal 
to or less than 10 dB difference on test-retest measures, 
20.62 percent of the total subject thresholds tested on 
Test I and Test III were deemed to have excessive 
variability (15 dB or greater). The excessively different 
measurements involved 138 of the 176 subjects compared in 
this study. Thus excessively different measurements were 
obtained on test-retest results in 78 percent of the 
subjects. 
It should be pointed out that each subject was compared 
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on 12 threshold measurements (6 each ear) with the exception 
as mentioned earlier, that the university group received 10 
threshold measurements, 5 in each ear. Looking at the high 
noise risk subjects for Test I-automatic and Test Ill-manual, 
there are 20.93 percent excessively variable thresholds and 
2.32 percent not calculable thresholds. For the low noise 
risk subjects, the excessively variable measurements 
between Test I-automatic and Test Ill-manual are 20.30 
percent and the not calculable thresholds are 2.14 percent. 
For Test Il-automatic and Test Ill-manual, 18,31 percent 
of the thresholds show excessive differences and ,13 percent 
are not calculable thresholds for Test Il-automatic. The 
excessively variable thresholds between Test Il-automatic 
and Test I-automatic are 13.78 percent, and the not calcu­
lable thresholds are 2.18 percent. When viewing threshold 
values on test-retest measures in this manner, it is found 
there is greater agreement between the two automatic tests 
than between either of the automatic tests and the manual 
test. This finding is contradictory to non-significant 
results of the statistical analyses reported above for the 
high noise risk industrial subjects wherein Test Il-automatic 
differs significantly from either Test I-automatic or 
Test Ill-manual, and no significance is found between Test 
I-automatic and Test Ill-manual. It is the assumption of 
this investigator that hearing thesholds of individuals 
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have tended to cancel the differences and exclusion of non-
interpretable measurements of Test I-automatic have 
produced statistical analysis showing no significanceo 
However/ on inspection of individual thresholds there are 
a high percentage of unallowable discrepancies on test-
retest measurements. It should also be noted the not 
calculable thresholds of Test Il-automatic are .13 percent 
of the total thresholds tested by that methods, while not 
calculable thresholds of Test I-automatic (high noise risk 
subjects) are 2.32 percent. Reasons for the difference in 
non-interpretable results could be in technician monitoring, 
instructions to subjects (both enhanced by the presence of 
a certified audiologist at the time of Test II), psycho­
physiological condition of subjects, presence of tinnitus, 
or temporary threshold shift. 
The accepted number of individuals having excessive 
differences in mass audiometric programs should not exceed 
about 6 percent according to High and Gallo (1963) » In the 
results of this study it was found that excessive variations 
plus not calculable results occurred in almost 23 percent of 
the thresholds tested, and involved 138 of the 176 subjects 
for a total of 78 percent of the subjects» In addition, 24 
of 190 subject records requested were unretrievable from 
state files. 
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After analyzing the data statistically as well as by 
careful observation, it is apparent that the data developed 
for Workmen's Compensation Division differs markedly from 
the test by the conventional manual method as well as from 
a second audiometric test measurement, whenever these were 
available. Thus it seems inappropriate to consider the 
audiometric threshold testing for the Workmen's Compensation 
Division either valid or reliable for individual baseline 
measurements. 
It was obviously the intent of the Workmen's Compensa­
tion Law that compensation of future hearing losses will 
revert back to audiometric baseline testing, as recently 
accomplished in the statewide hearing monitoring program» 
If individuals, employers, and/or the state are to use the 
audiometric measurements in future litigations involving 
loss of hearing due to exposure to noise in work environ­
ments, or for hearing conservation programs to prevent 
noise-induced hearing losses, or for purposes of determin­
ing compensation, it follows that the baseline measurements 
must be as accurate a measure as possible. Under the 
conditions of the statewide testing program, certain 
provisions to assure the state of accurate threshold 
assessment were not made, and therefore could not be 
followed. It appears from comparison with results obtained 
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by an alternative, manual hearing testing method, as well 
as results from an additional automatic hearing testing 
method, that reliability of the statewide hearing testing 
program is nowhere near the order found in nationally 
recognized acceptable mass hearing monitoring programs.. 
Further, to the extent the reader is willing to accept that 
results obtained by the manual method of audiometry using 
extreme care under carefully controlled conditions are valid 
measures of these individual's hearing thresholds, then both 
the validity and reliability of these automatic results are 
suspect and subject to criticism - particularly when attempt­
ing to use any individual's automatic audiometric record as 
a valid record of his hearing obtained at that time and from 
which additional changes are to be determined. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
An investigation was made to determine the reliability 
of baseline hearing threshold measurements obtained by 
automatic, self-recording audiometric methods for Workmen's 
Compensation Division, Department of Labor and Industry. 
For comparison with automatic baseline threshold 
results, thresholds for 190 subjects were determined using 
conventional manual audiometric procedures. Subjects were 
from both high noise risk and low noise risk working 
environments. Additionally, most subjects from the high 
noise risk environment received an independently obtained 
automatic self-recording audiometric test. Test frequencies 
compared were 500, 1000, 2000, 3000, 4000 and 6000 Hz. 
Complete results available for 146 subjects were 
evaluated by means of an analysis of variance technique. 
This analysis involved a combination of the following tests: 
1. Test I-automatic (obtained for Workmen's 
Compensation Division) 
2. Test Il-automatic (independently obtained for 
employers for high noise risk working conditions 
and not available to Workmen's Compensation 
Division) 
3. Test Ill-manual (obtained by this investigator 
for comparison with thresholds obtained for 
Test I-automatic baseline measurements. 
57 
58 
The resultant analyses indicate there are statistically 
significant differences between the tests at the .01 level 
of significance. The additional a posteriori test for high 
noise risk subjects shows no significant difference between 
Test I-automatic and Test lEI-manual/ but is disputed on the 
basis of comparison of individual threshold differences in 
which very substantial discrepancies were found in a large 
number of subjectso 
There were 24 subject records not available from state 
records. Ultimately, individual threshold comparisons 
between Test I-automatic and Test Ill-manual were possible 
on 176 subjects. This comparison revealed approximately 
2 percent of the thresholds tested were not calculable; 
over 20 percent of the thresholds showed excessive differ­
ences of 15 dB or more on test-retest comparisons; and 138 
subjects had excessive differences on one or more 
frequencies tested. 
Based on the number of excessive differences, not 
calculable results of the automatic test results and 
unlocated records it seems inappropriate to consider the 
baseline audiometric threshold testing as performed for 
the Workmen's Compensation Division to be either 
adequately valid or reliableo 
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APPENDIX A 
92-710. AN ACT TO PROVIDE COMPENSATION FOR LOSS OF 
HEARING RESULTING FROM EXPOSURE TO INDUSTRIAL NOISE. 
Regardless of other definitions of injury and time limita­
tions imposed by this act, there shall be compensation 
awarded for occupational deafness as follows: 
(1) "Occupational deafness" means permanent partial 
or permanent total loss of hearing of one or both ears due 
to prolonged exposure to noise in employment. "Noise" 
means sound capable of producing occupational deafness. 
"Noisy employment" means employment in the performance of 
which an employee is subjected to noise. 
(B) Losses of hearing due to industrial noise for 
compensation purposes shall be confined to the frequencies 
of 500, 1000, and 2000 cycles per second. Loss of hearing 
ability for frequency tones above 2000 cycles per second 
is not to be considered as constituting disability for 
hearing. 
(B) The percent of hearing loss, for purposes of 
the determination of compensation claims for occupational 
deafness, shall be calculated as the average, in decibels, 
of the thresholds of hearing for the frequencies of 500, 
1000 and 2000 cycles per second. Pure tone air conduction 
audiometric instruments, approved by nationally recognized 
authorities in this field, shall be used for measuring 
hearing loss. If the losses of hearing average 26 decibels 
or less in the three frequencies, as measured under ISO 
Standard 1964, such losses of hearing shall not then 
constitute any compensable hearing disability. If the 
losses of hearing average 94 decibels or more in the three 
frequencies, as measured under ISO Standard 1964, then the 
same shall constitute and be total or 100 per cent 
compensable hearing loss. 
(C) In measuring hearing impairment the lowest 
measured losses in each of the three frequencies shall 
be added together and divided by three to determine the 
average decibel loss. For every decibel of loss exceeding 
24 decibels an allowance of one and one-half percent 
(1-1/2%) shall be made up to the maximum of one hundred 
percent (100%), which is reached at 94 decibels. 
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(D) In determining the binaural percentage of loss, 
the percentage of impairment in the better ear shall be 
multiplied by five (5). The resulting figure shall be 
added to the percentage of impairment in the poorer ear and 
the sum of the two divided by six (6). The final percentage 
shall be representative of the binaural hearing impairment. 
(E) Before determining the percentage of hearing 
impairment, in order to allow for the average amount of 
hearing loss from non-occupational causes found in the 
population at any given age, there shall be deducted from 
the total average decibel loss, one-half decibel for each 
year of the employee's age over forty at the time of last 
exposure to industrial noise. 
(F) No consideration shall be given to the question 
of whether of not the ability of an employee to understand 
speech is improved by the use of a hearing aid. 
(2) No benefits shall be payable for temporary total 
or temporary partial disability under this act for loss of 
hearing due to prolonged exposure to noise. 
(3) An employee who because of occupational deafness 
is transferred by his employer to other employment and 
thereby sustains actual wage loss, shall be compensated 
at the rate provided in Section 92-703^ Revised Codes of 
Montana, 1947, as amended, not exceeding three thousand 
five hundred dollars ($3,500) in the aggregate from all 
employers. "Time of injury;, "incurred such injury", 
"date of injury" in such case shall be the date of wage 
loss. 
(4) Subject to the limitations herein contained, there 
shall be payable for total occupational deafness of one year, 
forty-(40) weeks of compensation; for total occupational 
deafness of both ears, two hundred (200) weeks of compensa­
tion; and for partial occupational deafness, compensation 
shall bear such relation to that named herein as 
disabilities bear to the maximum disabilities herein provided. 
In cases covered by this subsection, "time of injury", 
"incurred such injury" or "date of injury" shall be 
exclusively the date of occurrence of any of the following 
events to an employee. 
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(a) Transfer because of occupational deafness to 
nonnoisy employment by an employer whose employment has 
caused occupational deafness; 
(b) Retirement; 
(c) Termination of the employer-employee relationship; 
(d) Layoff, provided the layoff is complete and 
continuous for one year; 
(e) No claim under this subsection shall be filed, 
however, until six (6) consecutive months of removal from 
noisy employment after the time of injury except that under 
subparagraph (d), such six (6) consecutive months period 
may commence within the last six (6) months of layoff» 
(5) The limitation provisions in this act shall 
control claims arising under this subsection. Such 
provisions shall run from the first date upon which claim 
may be filed, or from the date of subsequent death, provided 
that no claim shall accrue to any dependent unless an award 
has been issued or liability admitted» 
(6) No payment shall be made to an employee under this 
section unless he shall have worked in noisy employment for 
a total period of at least ninety (90) days for the employer 
from whom he claims compensation. 
(7) Any amount paid to an employee under this section 
by an employer shall be credited against compensation payable 
by any employer to such employee for occupational deafness 
under subsections (3) and (4). No employee shall in the 
aggregate receive greater compensation from any or all 
employers for occupational deafness than that provided in 
this section for total occupational deafness. 
(8) Occupational deafness as herein provided is 
distinguished from traumatic loss of hearing which is 
governed by the specified loss schedule hereinaboveo 
(9) An employer shall become liable for the entire 
occupational deafness to which his employment has contributed; 
but if previous deafness is established by hearing test or 
Other competent evidence, whether or not the employee was 
exposed to noise within the six (6) months preceding such 
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test/ he shall not be liable for previous loss so established 
nor shall he be liable for any loss for which compensation 
has previously been paid or awarded. 
(10) No claim shall be filed, however, unless the 
employee is exposed eight (8) hours daily and for a period 
of at least ninety (90) days as above required to noise 
intensity levels above 100 decibels* 
(11) This act shall become effective January 1, 1972, 
APPENDIX B 
RULES OF THE INDUSTRIAL ACCIDENT BOARD 
FOR THE ADMINISTRATION OF 
SECTION 92-710, R.C.M., 1947 
1. Audiometers must meet specifications approved by 
Nationally recognized authorities in the field. 
Audiometers must meet specifications of American 
National Standards Institute S3.6-1969, or such other 
testing agencies as approved by the Industrial 
Accident Board. 
2. Each person operating an Audiometer must be 
instructed by a qualified physician or audiologist. 
3. Audiometer operation must be checked daily prior to 
use using standard check procedures provided by the 
manufacturer of the audiometers. 
4. Audiometers must be checked daily, by an artificial 
ear or a technician having no hearing loss in the 
range between 500 to 6,000 cycles per second, for 
biological calibration by using his own reference 
audiogram. A deviation exceeding plus or minus 5 dB 
shall constitute reason for not using that Audiometer. 
5. Audiometers must be calibrated electronically by a 
certified technician approved by the manufacturer of 
the Audiometers upon application and approval by the 
Industrial Accident Board at intervals not exceeding 
twelve months. 
6. Hearing tests must be conducted in an environment 
meeting at a minimum the following criteria: 
Octave band 
Cycles - Second 500, 1000, 2000, 4000, 6000 
Maximum 
Allowable 40 40 47 57 62 
dB (c) in 
Test Room 
Daily reports of test environment will be submitted 
with the completed Audiograms. 
66 
67 
7. The hearing test will test the employee's threshold 
of hearing for the frequencies of 500? 1000, 2000# 
4000 and 6000 cycles per second. However, any 
compensation for loss of hearing will be paid 
pursuant to Section 92-710, ReCoM», 1947. 
8. Completed Audiograms will be submitted to a qualified 
physician or audiologist for interpretation* After 
that interpretation the Audiograms will be divided 
into four classes and stamped in one of the four 
following ways: 
The Audiogram of an employee having no hearing 
loss as defined in Section 92-710, R.C.M., 1947, 
and whose Audiogram indicates that no further 
testing is required will be stamped, "no hearing 
loss." 
The Audiogram of an employee having no hearing 
loss as defined in Section 92-710 R.CoM, 1947, 
and whose Audiogram indicates that no further 
testing is required at that time but whose 
Audiogram indicates that further tests should be 
conducted one year later will be stamped, "no 
hearing loss, recheck in one year." 
The Audiogram of an employee having no hearing 
loss as defined in Section 92-710, R.C.M., 1947, 
but whose Audiogram indicates that further tests 
should be conducted will be stamped, "no hearing 
loss, but further tests indicated,." 
The Audiogram of an employee having a hearing 
loss as defined in Section 92-710, RoC.Mo, 1947, 
will be stamped "hearing loss»" 
9o After the Audiograms have been interpreted and stamped, 
they will be forwarded to the Industrial Accident Board 
together with the daily check list as referred to in 
paragraph 3 above. Upon receipt of the Audiograms, 
the Industrial Accident Board will notify the employee, 
the employer and the insurer in all cases where the 
Audiogram is stamped, "no hearing loss, recheck in 
one year," "no hearing loss but further tests indicated" 
or "hearing loss," The notification which goes to the 
employee will include a copy of the Audiogram. The 
Industrial Accident Board will provide a copy of the 
Audiogram if requested by the employee, the employer 
or the insurer and it will not be necessary for the 
employer or the insurer to first obtain the employee's 
consent. 
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10. In any Industrial Accident claim for loss of hearing, 
there will be a rebuttable presumption that the 
hearing test was properly conducted once the Audio­
grams have been received by the Industrial Accident 
Board. Audiograms filed with the Industrial Accident 
Board in accordance with these rules will be admitted 
into evidence without the necessity of calling the 
physician or audiologist who interpreted it or the 
operator who conducted the test» 
11. The hearing test is not for diagnostic purposes or 
to establish the level of hearing of the employee, 
but only to establish the threshold of hearing. 
12. The hearing test is a service being made available 
to the employer and the employee= It is the obliga­
tion of the employer to see that the employee 
completes the information on the Audiogram card and 
signs it prior to taking the hearing test. It is 
the obligation of the employer to see that the 
employee shows up at the scheduled time for the 
test and to check to see if the employee in fact 
took the testo If an employee fails to show up at 
the scheduled time, it will be the obligation of 
the employer to make arrangements for another 
hearing test if the employer wants a hearing test 
conducted on that employee» 
APPENDIX C 
Summary of analysis of variance for demonstration 
of ocnpetency and agreatient between tests 
Source 
Sum of 
Squares df V F ^ P 
Ratees (rows) 99789 10 9978.9 59.257 .01 
Raters (columns) 284 1 284 1.686 
Remainder 1684 10 168.4 
Total 101757 21 
Totals of threshold data for demonstration 
subjects by clinical audiologist and the investigator 
Threshold totals across frequencies 
Subject Clinical audiologist Investigator 
1 40 35 
2 225 230 
3 5 -15 
4 -25 -35 
5 5 5 
6 10 15 
7 0 0 
8 -10 -15 
9 -5 -10 
10 5 -5 
11 -15 -15 
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APPENDIX D 
INDIVIDUAL THRESHOLD MEASUREMENTS 
HEŒ NOISE RISK 
right ear left ear 
Subject 
nvntfcer Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
1 35 35 30 40 50 35 45 35 30 45 35 25 I 
35 35 35 35 50 25 35 35 35 35 30 15 II 
0 0 5 5 0 10 10 0 5 10 5 10 Diff 
35 35 30 40 50 35 45 35 30 45 35 25 I 
20 20 20 35 40 35 25 25 20 25 25 25 III 
+15 +15 +10 +5 +10 0 +20 +10 +10 +20 +10 0 Diff 
35 35 35 35 50 25 35 35 35 35 30 15 II 
20 20 20 35 40 35 25 25 20 25 25 25 III 
+15 +15 +15 0 +10 -10 +10 +10 +15 +10 +5 -10 Diff 
(Test I results were not available) 
10 5 60 45 55 35 20 30 40 55 65 25 
5 5 60 50 60 50 15 20 35 50 45 40 
+5 0 0 -5 -5 -15 +5 +10 +5 +5 +20 -15 
20 5 10 10 10 10 15 5 5 15 15 25 
10 10 5 0 15 15 10 5 0 10 5 10 
10 5 5 10 5 5 5 0 5 5 io 15 
20 5 10 10 10 10 15 5 5 15 15 25 
5 0 0 0 10 20 5 0 0 5 5 15 
+15 +5 +10 +10 0 -10 +10 +5 +5 +10 +10 +10 
10 10 5 0 15 15 10 5 0 10 5 10 
5 0 0 0 10 20 5 0 0 5 5 15 
+5 +10 +5 0 +5 -5 +5 +5 0 +5 0 -5 
20 15 15 0 0 35 20 20 30 15 15 50 
10 5 15 0 5 15 15 15 25 5 10 35 













High Noise Risk (contd) 
right ear left ear 
Subject 
numbgc Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
4 20 15 15 0 0 35 20 20 30 15 15 50 I 
contd. 15 10 15 5 20 20 15 5 25 10 30 40 III 
+5 +5 0 -5 -20 -15 +5 +15 +5 +5 -15 +10 Diff o 
10 5 15 0 5 15 15 15 25 5 10 35 II 
15 10 15 5 20 20 15 5 25 10 30 40 III 
-5 -5 0 -5 -15 -5 0 +10 0 -5 -20 —5 Diff, 
5 20 20 60 65 60 60 40 40 45 45 50 45 I 
15 10 35 55 40 45 40 35 40 50 45 25 III 
+5 +10 +25 +10 +20 +15 0 +5 +5 -5 +5 +20 Diff. 
(did not receive Test II) 
30 25 50 65 50 50 20 25 50 55 50 50 I 
30 25 50 60 55 55 25 25 50 60 55 55 II 
0 0 0 5 5 5 5 0 0 5 5 5 Diff 
30 25 50 65 50 50 20 25 50 55 50 50 I 
25 20 45 55 40 50 15 20 50 55 45 55 III 
+5 +5 +5 +10 +10 0 +5 +5 0 0 +5 -5 Diff 
30 25 50 60 55 55 25 25 50 60 55 55 II 
25 20 45 55 40 50 15 20 50 55 45 55 III 
+5 +5 +5 +5 +15 +5 +10 +5 0 +5 +5 0 Diff 
20 10 25 50 80 60 10 5 25 75 90 90 I 
5 5 10 25 70 50 5 0 10 45 65 65 II 
l5 5 15 25 10 10 5 5 15 30 25 25 Diff 
20 10 25 50 80 60 10 5 25 75 90 90 I 
5 5 10 20 65 55 10 0 10 50 70 80 III 
+15 +5 +15 +30 +15 + 5 0 +5 +15 +25 +20 +10 Diff 
5 5 10 25 70 50 5 0 10 45 65 65 II 
5 5 10 20 65 55 10 0 10 50 70 80 III 
0 0 0 +5 +5 -5 -5 0 0 -5 -5 -15 Diff 
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High Noise Risk (oontd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
20 15 55 65 60 65 20 20 65 90 90 90 I 
20 10 35 40 40 30 15 15 30 30 30 15 II 
0 5 20 25 20 35 5 5 35 60 60 75 Diffo 
20 15 55 65 60 65 20 20 65 90 90 90 I 
5 5 55 65 70 75 15 20 75 105 105 110 III 
+15 +10 0 0 -10 -10 +5 0 —10 -15 -15 -20 Diffo 
20 10 35 40 40 30 15 15 30 30 30 15 II 
5 5 55 65 70 75 15 20 75 105 105 110 III 
+15 +5 -20 -25 -30 -45 0 -5 -45 -75 -75 -95 Diffo 
15 10 0 60 60 70 10 5 20 55 65 90 I 
10 10 5 70 65 80 10 5 25 55 60 90 II 
5 0 5 10 5 10 0 0 5 0 5 0 Diff. 
15 10 0 60 60 70 10 5 20 55 65 90 I 
35 40 35 105 105 110 30 35 70 95 105 110 III 
-20 -30 -35 -45 -45 -40 -20 -30 —50 —40 -40 -20 Diffo 
10 10 5 70 65 80 10 5 25 55 60 90 II 
35 40 35 105 105 110 30 35 70 95 105 110 III 
-25 -30 -30 -35 -40 -30 -20 -30 -45 -40 -45 -20 Diffo 
10 10 5 40 35 30 10 5 10 65 70 75 I 
20 20 15 50 45 20 10 5 10 65 70 70 II 
10 10 10 10 10 10 0 0 0 0 0 5 Diff 
10 10 5 40 35 30 10 5 10 65 70 75 I 
10 5 0 45 40 25 5 5 5 70 75 65 III 
0 +5 +5 -5 -5 +5 +5 0 +5 —5 —5 +10 Diff 
20 20 15 50 45 20 10 5 10 65 70 70 II 
10 5 0 45 40 25 5 5 5 70 75 65 III 
+10 +15 +15 +5 +5 -5 +5 0 +5 -5 -5 +5 Diff 
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High Noise Risk (œntd) 
right ear left ëar 
Subject 
number Frecfuenciee Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
11 (Test I results were not available) 
(did not receive Test II) 
0 0 0 0 25 0 0 5 5 15 20 40 III 
15 15 10 30 40 35 20 15 15 40 40 30 I 
10 5 5 15 40 40 5 5 5 15 40 35 II 
5 10 5 15 0 5 15 10 10 25 0 5 Diff 
15 15 10 30 40 35 20 15 15 40 40 30 I 
0 0 5 20 40 50 0 0 10 20 45 35 III 
+15 +15 +5 +10 0 -15 +20 +15 +5 +20 -5 -5 Diff 
10 5 5 15 40 40 5 5 5 15 40 35 II 
0 0 5 20 40 50 0 0 10 20 45 35 III 
+10 +5 0 -5 0 -10 +5 +5 -5 —5 -5 0 Diff 
10 20 25 40 35 60 25 25 40 55 65 60 I 
10 15 20 30 25 35 10 20 40 45 45 25 II 
0 5 5 10 10 25 15 5 0 10 20 35 Diff. 
10 20 25 40 35 60 25 25 40 55 65 60 I 
10 10 25 35 35 75 15 10 30 45 65 70 III 
0 +10 0 +5 0 -15 +10 +15 +10 +10 0 -10 Diff. 
10 15 20 30 25 35 10 20 40 45 45 25 II 
10 10 25 35 35 75 15 10 30 45 65 70 III 
0 +5 -5 -5 -10 -40 -5 +10 +10 0 —20 -45 Diff, 
10 0 0 20 30 65 10 0 5 25 25 30 I 
5 0 0 5 25 55 5 0 10 20 20 35 II 
5 0 0 15 5 10 5 0 5 5 5 5 Diff. 
10 0 0 20 30 65 10 0 5 25 25 30 I 
5 0 0 25 30 70 0 0 10 25 20 30 III 
+5 0 0 -5 0 -5 +10 0 -5 0 +5 0 Diff. 
5 0 0 5 25 55 5 0 10 20 20 35 II 
5 0 0 25 30 70 0 0 10 25 20 30 III 
0 0 0 -20 -5 -15 +5 0 0 -5 0 +5 Diff. 
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High Noise Risk (contd) 
fight éà]f left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
15 15 15 20 65 70 80 30 30 25 30 20 25 I 
10 5 10 55 70 70 25 30 25 15 10 20 II 
5 10 10 10 0 10 5 0 0 15 10 5 Diffo 
15 15 20 65 70 80 30 30 25 30 20 25 I 
20 5 10 65 75 75 30 25 25 20 15 5 III 
—5 +10 +10 0 -5 + 5 0 +5 0 +10 +5 +20 Diff c 
10 5 10 55 70 70 25 30 25 15 10 20 II 
20 5 10 65 75 75 30 25 25 20 15 5 III 
-10 0 0 -10 -5 -5 —5 +5 0 -5 -5 +15 Diff= 
15 10 60 60 55 60 25 20 65 60 60 45 I 
5 0 55 60 55 55 5 10 65 60 55 40 II 
10 10 5 0 0 5 20 10 0 0 5 5 Diff 
15 10 60 60 55 60 25 20 65 60 60 45 I 
5 5 60 60 65 95 5 0 60 60 65 45 III 
+10 +5 0 0 -10 -35 +20 +20 +5 0 -5 0 Diff 
5 0 55 60 55 55 5 10 65 60 55 40 II 
5 5 60 60 65 95 5 0 60 60 65 45 III 
0 -5 -5 0 —10 —40 0 +10 +5 0 -10 -5 Diff 
15 10 25 45 40 40 15 10 30 50 45 35 I 
5 5 15 35 35 25 5 0 20 35 40 20 II 
io 5 10 10 5 15 10 10 10 15 5 15 Diff 
15 10 25 45 40 40 15 10 30 50 45 35 I 
0 0 35 55 45 45 5 0 25 50 40 25 III 
+15 +10 —10 -10 -5 —5 +10 +10 +5 0 +5 +10 Diff 
5 5 15 35 35 25 5 0 20 35 40 20 II 
0 0 35 55 45 45 5 0 25 50 40 25 III 
+5 +5 -20 -20 -10 -20 0 0 -5 -15 0 —5 Diff, 
18 20 5 0 15 5 45 * 15 10 20 20 25 I 
10 0 0 15 15 40 10 0 0 15 10 30 III 
+10 +5 0 0 -10 +5 * +15 +10 +5 +10 -5 Diff» 
(did not receive Test II) 
*Not calculable 
75 
High Noise Risk (contd) 
ric^ht ëài: left eaf 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
19 15 10 10 20 30 30 15 15 15 20 50 25 I 
5 5 5 15 35 30 5 10 10 15 40 20 II 
10 5 5 5 5 0 10 5 5 5 lo 5 Diff, 
15 10 10 20 30 30 15 15 15 20 50 25 I 
10 5 0 20 45 25 5 0 10 15 45 20 III 
+5 +5 +10 0 -15 +5 +10 +15 +5 +5 +5 +5 Diff, 
5 5 5 15 35 30 5 10 10 15 40 20 II 
10 5 0 20 45 25 5 0 10 15 45 20 III 
-5 0 +5 -5 -10 +5 0 +10 0 0 —5 0 Diff 
20 5 0 -5 0 5 40 * * -5 —5 5 5 I 
0 0 —5 -5 5 30 5 5 0 -10 5 0 II 
5 0 0 5 0 10 * * 5 5 0 5 Diff 
5 0 -5 0 5 40 * * —5 -5 5 5 I 
5 0 0 0 10 25 5 0 0 0 5 5 III 
0 0 -5 0 -5 +15 * * -5 -5 0 0 Diff 
0 0 -5 -5 5 30 5 5 0 —10 5 0 II 
5 0 0 0 10 25 5 0 0 0 5 5 III 
-5 0 —5 -5 -5 +5 0 +5 0 -10 0 -5 Diff, 
21 * * * * * * * * * * * * I 
15 10 10 10 30 40 25 15 15 25 40 40 II 
15 15 10 15 30 45 15 10 10 30 25 50 III 
0 -5 0 —5 0 -5 +10 +5 +5 -5 +15 +10 Diff, 
22 20 15 40 50 50 55 * 25 50 55 55 45 I 
10 10 35 50 45 35 10 15 40 35 40 35 II 
10 5 5 0 5 15 * 10 Diff 
20 15 40 50 50 55 * 25 50 55 55 45 I 
15 15 40 55 55 50 10 10 45 60 55 45 III 
+5 0 0 —5 -5 +5 * +15 +5 -5 0 0 Diff, 
10 10 35 50 45 35 10 15 40 35 40 35 II 
15 15 40 55 55 50 10 10 45 60 55 45 III 
-5 -5 -5 -5 -10 -15 0 +5 -5 -25 -15 —10 Diff, 
*Not calculable 
76 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
15 10 15 15 10 15 25 10 10 10 20 20 I 
10 10 20 10 15 10 15 10 10 10 20 20 II 
5 0 5 5 5 5 10 0 0 0 0 0 Diff 
15 10 15 15 10 15 25 10 10 10 20 20 I 
0 0 10 5 0 15 0 0 0 5 20 15 III 
+15 +10 +5 +10 +10 0 +25 +10 +10 +5 0 +5 Diff 
10 10 20 10 15 10 15 10 10 10 20 20 II 
0 0 10 5 0 15 0 0 0 5 20 15 III 
+10 +10 +10 +5 +15 -5 +15 +10 +10 +5 0 +5 Diff 
30 30 35 50 40 50 25 -10 * * -10 -10 I 
0 5 20 25 35 45 25 25 35 70 70 60 II 
30 25 15 25 5 5 0 35 * * 80 70 Diff. 
30 30 35 50 40 50 25 -10 * * -10 -10 I 
0 0 20 35 50 55 0 5 20 60 60 55 III 
+30 +30 +15 +15 -10 -5 +25 -15 * * -70 -65 Diff. 
0 5 20 25 35 45 25 25 35 70 70 60 II 
0 0 20 35 50 55 0 5 20 60 60 55 III 
0 +5 0 -10 -15 -10 +25 +20 +15 +10 +10 +5 Diff. 
20 15 5 40 45 45 20 20 15 35 45 45 I 
15 10 5 35 55 50 15 10 10 25 45 45 II 
5 5 0 5 10 5 5 10 5 10 0 0 Diff, 
20 15 5 40 45 45 20 20 15 35 45 45 I 
15 15 5 35 50 45 15 10 15 30 50 45 III 
+5 0 0 +5 -5 0 +5 +10 0 +5 -5 0 Diff. 
15 10 5 35 55 50 15 10 10 25 45 45 II 
15 15 5 35 50 45 15 10 15 30 50 45 III 
0 —5 0 0 +5 +5 0 0 -5 -5 -5 0 Diff. 
15 15 15 55 35 50 20 20 25 25 20 45 I 
5 15 10 40 25 40 20 20 20 30 15 25 II 
10 0 5 15 10 10 0 0 5 5 5 20 Diff. 
*Not calculable 
77 
High Noise Risk (rontd) 
right ear left ear 
Subject 
number FreGfuencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
26 15 15 15 55 35 50 20 20 25 25 20 45 I 
contd 10 15 15 50 35 30 10 15 25 25 25 30 III 
+5 0 0 +5 0 +20 +10 +5 0 0 -5 +15 Diff 
5 15 10 40 25 40 20 20 20 30 15 25 II 
10 15 15 50 35 30 10 15 25 25 25 30 III 
-5 0 -5 -10 -10 +10 +10 +5 -5 +5 -10 -5 Diff 
5 5 0 0 40 40 5 0 0 0 30 40 I 
5 0 0 5 45 65 10 5 5 0 25 35 II 
0 5 0 5 5 25 5 5 5 0 5 5 Diff 
5 5 0 0 40 40 5 0 0 0 30 40 I 
5 5 0 10 55 65 0 0 0 10 35 45 III 
0 0 0 -10 -15 -25 +5 0 0 -10 -5 -5 Diff 
5 0 0 5 45 65 10 5 5 0 25 35 II 
5 5 0 10 55 65 0 0 0 10 35 45 III 
0 -5 0 -5 -10 0 +10 + 5 +5 -10 -10 -10 Diff 
5 5 0 5 5 30 15 10 5 10 10 25 I 
5 5 5 0 5 20 10 10 5 15 10 20 II 
0 0 5 5 0 10 5 0 0 5 0 5 Diff 
5 5 0 5 5 30 15 10 5 10 10 25 I 
5 0 0 10 0 20 10 5 0 15 10 20 III 
0 +5 0 -5 +5 +10 +5 +5 +5 —5 0 + 5 Diff 
5 5 5 0 5 20 10 10 5 15 10 20 II 
5 0 0 10 0 20 10 5 0 15 10 20 III 
0 +5 +5 —10 +5 0 0 +5 +5 0 0 0 Diff 
29 0 0 0 60 70 65 5 0 -5 60 65 75 I 
5 0 0 55 60 50 5 0 5 60 55 60 II 
5 0 0 5 10 15 0 0 10 0 10 15 Diff 
0 0 0 60 70 65 5 0 -5 60 65 75 I 
5 5 0 75 60 70 5 0 5 70 70 70 III 
-5 —5 0 -15 +10 -5 0 0 -10 -10 —5 +5 Diff 
5 0 0 55 60 50 5 0 5 60 55 60 II 
5 5 0 75 60 70 5 0 5 70 70 70 III 
0 -5 0 -20 0 -20 0 0 0 -10 -15 -10 Diff 
78 
High Noise Risk (contd) 
right ear left ear 
Subject 
nunnber Frecfuencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
30 0 5 5 20 20 25 10 0 10 40 30 20 I 
0 0 15 25 30 15 10 5 20 30 25 5 II 
0 5 10 5 10 10 0 5 10 10 5 15 Diff o 
0 5 5 20 20 25 10 0 10 40 30 20 I 
0 10 5 25 25 25 0 0 15 50 40 10 III 
0 -5 0 -5 -5 0 +10 0 -5 —10 —10 +10 Diff. 
0 0 15 25 30 15 10 5 20 30 25 5 II 
0 10 5 25 25 25 0 0 15 50 40 10 III 
0 -10 +10 0 +5 —10 +10 +5 +5 -20 -15 -5 Diffo 
10 10 5 30 55 65 15 10 30 30 60 50 I 
15 10 -5 25 55 50 15 15 15 25 60 45 II 
5 0 10 5 0 15 0 5 15 5 0 5 Diff 
10 10 5 30 55 65 15 10 30 30 60 50 I 
20 10 0 45 70 65 20 10 20 40 70 50 III 
-10 0 +5 -15 -15 0 -5 0 +10 -10 -10 0 Diff 
15 10 -5 25 55 50 15 15 15 25 60 45 II 
20 10 0 45 70 65 20 10 20 40 70 50 in 
—5 0 -5 -20 -15 -15 -5 +5 -5 -15 -10 —5 Diff 
5 20 50 70 75 80 25 20 20 70 70 80 I 
10 20 60 70 85 80 20 15 25 65 75 80 II 
5 0 10 0 10 0 5 5 5 5 5 0 Diffo 
5 20 50 70 75 80 25 20 20 70 70 80 I 
15 25 55 80 90 100 25 20 25 85 85 90 III 
-10 -5 -5 —10 -15 -20 0 0 -5 -15 -15 -10 Diff. 
10 20 60 70 85 80 20 15 25 65 75 80 II 
15 25 55 80 90 100 25 20 25 85 85 90 III 
-5 -5 +5 -10 -5 —20 -5 -5 0 -20 "-10 -10 Diffo 
45 45 30 30 40 35 20 25 45 50 50 30 I 
55 50 35 40 45 30 25 30 40 50 50 30 II 
10 5 5 10 5 5 5 5 5 0 0 0 Diffo 
45 45 30 30 40 35 20 25 45 50 50 30 I 
50 40 15 25 30 35 20 15 40 55 60 25 III 
-5 +5 +15 + 5 +10 0 0 +10 +5 -5 -10 +5 Diffo 
79 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
33 55 
contd 50 
50 35 40 





30 40 50 







+5 +10 +20 +15 +15 -5 +5 +15 0 -5 -10 +5 Diff, 
10 15 5 20 70 45 
10 15 5 25 65 35 
0 0 0 5 5 10 
10 15 5 20 70 45 
15 15 5 20 75 35 
-5 0 0 0 -5 +10 
10 15 5 25 65 35 
15 15 5 20 75 35 
-5 0 0 +5 -10 0 
15 10 20 70 80 80 I 
15 15 20 65 80 70 II 
0 5 0 5 0 10 Diff 
15 10 20 70 80 80 I 
10 15 20 85 95 85 III 
+5 -5 0 -15 -15 -5 Diff 
15 15 20 65 80 70 II 
10 15 20 85 95 85 III 
+5 0 0 -20 -15 -15 Diff 
15 10 10 10 20 20 15 20 0 0 20 30 I 
15 5 5 10 * 20 20 10 10 0 30 25 II 
0 5 5 0 * 0 5 10 10 0 10 5 Diff. 
15 10 10 10 20 20 15 20 0 0 20 30 I 
15 5 0 5 20 15 10 0 0 5 40 40 III 
0 +5 +10 +5 0 +5 +5 +20 0 -5 -20 -10 Diff. 
15 5 5 10 * 20 20 10 10 0 30 25 II 
15 5 0 5 20 15 10 0 0 5 40 40 III 
0 0 +5 +5 * +5 +10 +10 +10 -5 -10 -15 Diff. 
30 50 65 70 70 80 * 55 70 80 80 80 I 
15 60 60 65 75 80 45 50 65 75 80 75 II 
15 10 5 5 5 0 * 5 5 5 0 5 Diff 
30 50 65 70 70 80 * 55 70 80 80 80 I 
25 45 65 75 70 80 20 35 65 80 75 75 III 
+5 +5 0 -5 0 0 * +20 +5 0 +5 +5 Diff 
15 60 60 65 75 80 45 50 65 75 80 75 II 
25 45 65 75 70 80 20 35 65 80 75 75 III 
-10 +15 -5 -10 +5 0 +25 +15 0 -5 +5 0 Diff 
*Not calculable 
80 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
25 40 45 50 60 60 25 35 55 55 60 65 I 
30 45 55 50 55 50 25 35 50 50 50 45 II 
5 5 10 0 5 10 0 0 5 5 10 20 Diff 
25 40 45 50 60 60 25 35 55 55 60 65 I 
25 40 55 65 65 70 25 35 60 65 70 85 III 
0 0 -10 -15 -5 -10 0 0 -5 -10 -10 -20 Diff 
30 45 55 50 55 50 25 35 50 50 50 45 II 
25 40 55 65 65 70 25 35 60 65 70 85 III 
+5 +5 0 -15 -10 -20 0 0 -10 -15 —20 -40 Diff 
10 15 45 50 50 30 10 15 40 40 40 35 I 
5 10 40 50 50 50 5 5 40 55 45 55 II 
5 5 5 0 0 20 5 10 0 15 5 20 Diff 
10 15 45 50 50 30 10 15 40 40 40 35 I 
15 5 55 60 60 50 5 0 45 60 60 40 III 
-5 +10 -10 -10 -10 -20 +5 +15 -5 -20 -20 -5 Diff 
5 10 40 50 50 50 5 5 40 55 45 55 II 
15 5 55 60 60 50 5 0 45 60 60 40 III 
-10 +5 -15 -10 -10 0 0 +5 -5 -5 -15 +15 Diff 
10 15 15 5 5 15 10 20 20 15 30 20 I 
10 15 10 5 15 5 15 15 25 25 30 25 II 
0 0 5 0 10 10 5 5 5 10 0 5 Diff. 
10 15 15 5 5 15 10 20 20 15 30 20 I 
15 15 5 10 10 20 15 15 15 15 30 20 III 
-5 0 +10 -5 -5 -5 -5 +5 +5 0 0 0 Diff. 
10 15 10 5 15 5 15 15 25 25 30 25 II 
15 15 5 10 10 20 15 15 15 15 30 20 III 
-5 0 +5 -5 +5 -15 0 0 +10 +10 0 +5 Diff. 
30 45 55 65 60 70 15 40 50 55 50 65 I 
20 30 45 55 60 50 20 40 55 55 55 50 II 
10 15 10 10 0 20 5 0 5 0 5 15 Diff. 
81 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
40 30 45 55 65 60 70 15 40 50 55 50 65 I 
contd 20 30 45 65 60 50 20 40 60 65 65 60 III 
+10 +15 +10 0 0 +20 -5 0 -10 -10 -15 +5 Diff. 
20 30 45 55 60 50 20 40 55 55 55 50 II 
20 30 45 65 60 50 20 40 60 65 65 60 III 
0 0 0 -10 0 0 0 0 -5 -10 -10 —10 Diff. 
5 10 10 10 75 80 20 5 15 20 85 70 I 
5 10 10 15 20 20 15 10 10 15 25 25 II 
0 0 0 5 55 60 5 5 5 5 60 45 Diff 
5 10 10 10 75 80 20 5 15 20 85 70 I 
5 5 10 20 20 25 0 5 5 25 30 45 III 
0 +5 0 -10 +55 +55 +20 0 +10 -5 +55 +25 Diff 
5 10 10 15 20 20 15 10 10 15 25 25 II 
5 5 10 20 20 25 0 5 5 25 30 45 III 
0 +5 0 -5 0 -5 +15 +5 +5 -10 -5 -20 Diff 
10 15 55 80 85 80 15 10 55 70 85 80 I 
10 15 75 90 90 85 15 10 60 70 90 85 II 
0 0 20 10 5 5 0 0 5 0 5 5 Diff. 
10 15 55 80 85 80 15 10 55 70 85 80 I 
10 15 65 105 95 100 5 0 65 80 110 100 III 
0 0 —10 -25 -10 -20 +10 +10 -10 -10 -25 -20 Diff. 
10 15 75 90 90 85 15 10 60 70 90 85 II 
10 15 65 105 95 100 5 0 65 80 110 100 III 
0 0 +10 -15 -5 -15 +10 +10 -5 -10 -20 -15 Diff. 
10 5 15 65 70 55 10 5 10 50 45 45 I 
10 5 15 60 60 60 15 10 5 45 45 45 II 
0 0 0 5 10 5 5 5 5 5 0 0 Diff. 
10 5 15 65 70 55 10 5 10 50 45 45 I 
5 0 0 25 45 70 0 0 0 55 60 45 III 
+5 +5 +15 +40 +25 -25 +10 +5 +10 -5 -15 0 Diff. 
82 
High Noise Risk (oontd) 
right ear left ear 
Subgect 




500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
43 10 5 15 60 60 60 15 10 5 45 45 45 
contd 5 0 0 25 45 70 0 0 0 55 60 45 
+5 +5 +15 +35 +15 -10 +15 +10 +5 -10 -15 0 
44 10 0 0 10 20 30 10 5 0 15 55 55 
10 5 0 10 20 30 15 5 5 15 45 40 
0 5 0 0 0 0 5 0 5 0 10 15 
10 0 0 10 20 30 10 5 0 15 55 55 
10 5 0 15 35 30 10 5 0 35 60 40 
0 -5 0 -5 -15 0 0 0 0 -20 —5 +15 
10 5 0 10 20 30 15 5 5 15 45 40 
10 5 0 15 35 30 10 5 0 35 60 40 
0 0 0 -5 -15 0 +5 0 +5 -20 -15 0 
45 5 5 15 30 40 45 0 10 5 30 40 80 
5 5 15 30 35 45 0 5 10 25 45 60 
0 0 0 0 5 0 0 5 5 5 5 20 
5 5 15 30 40 45 0 10 5 30 40 80 
10 5 15 40 40 35 0 0 5 35 45 60 
-5 0 0 -10 0 +10 0 +10 0 -5 -5 +20 
5 5 15 30 35 45 0 5 10 25 45 60 
10 5 15 40 40 35 0 0 5 35 45 60 
-5 0 0 -10 -5 +10 0 +5 +5 -10 0 0 
46 20 15 5 5 30 10 25 20 15 20 40 40 
25 15 10 10 30 10 20 15 20 20 40 35 
5 0 5 5 0 0 5 5 5 0 0 5 
20 15 5 5 30 10 25 20 15 20 40 40 
25 20 10 10 30 15 20 20 20 25 55 40 
—5 -5 -5 -5 0 -5 +5 0 -5 -5 -15 0 
25 15 10 10 30 10 20 15 20 20 40 35 
25 20 10 10 30 15 20 20 20 25 55 40 
























High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
5 10 10 55 60 25 20 15 20 60 65 40 I 
0 0 5 60 55 20 10 0 20 50 60 50 II 
5 10 5 5 5 5 10 15 0 10 5 10 Diff. 
5 10 10 55 60 25 20 15 20 60 65 40 I 
10 10 5 65 60 30 5 5 20 65 65 40 III 
-5 0 +5 -10 0 -5 +15 +10 0 -5 0 0 Diff 
0 0 5 60 55 20 10 0 20 50 60 50 II 
10 10 5 65 60 30 5 5 20 65 65 40 III 
-10 -10 0 -5 -5 -10 +5 -5 0 -15 -5 +10 Diff 
10 5 15 15 15 20 30 15 30 50 40 25 I 
10 5 20 20 20 5 15 15 30 35 35 20 II 
0 0 5 5 5 15 15 0 0 15 5 5 Diff. 
10 5 15 15 15 20 30 15 30 50 40 25 I 
10 0 20 30 30 35 10 10 30 45 45 20 III 
0 +5 -5 -15 -15 -15 +20 +5 0 +5 -5 +5 Diff. 
10 5 20 20 20 5 15 15 30 35 35 20 II 
10 0 20 30 30 35 10 10 30 45 45 20 III 
0 +5 0 -10 -10 -30 +5 +5 0 -10 -10 0 Diff. 
0 5 0 5 15 25 0 10 20 20 20 20 I 
0 10 0 10 25 15 0 5 20 20 25 20 II 
0 5 0 5 10 10 0 5 0 0 5 0 Diff. 
0 5 0 5 15 25 0 10 20 20 20 20 I 
0 5 0 15 20 15 0 5 25 25 25 30 III 
0 0 0 -10 -5 +10 0 +5 -5 -5 -5 -10 Diff. 
0 10 0 10 25 15 0 5 20 20 25 20 II 
0 5 0 15 20 15 0 5 25 25 25 30 III 
0 +5 0 -5 +5 0 0 0 -5 -5 0 -10 Diff o 
50 0 25 40 55 50 25 5 30 45 55 60 45 I 
5 25 45 55 50 20 10 30 50 55 60 45 II 
5 0 5 0 0 5 5 0 5 0 0 0 Diff. 
84 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
50 0 25 40 55 50 25 5 30 45 55 60 45 I 
contd 0 20 40 60 55 15 5 30 50 70 70 50 III 
0 +5 0 -5 -5 +10 0 0 —5 -15 -10 -5 Diff. 
5 25 45 55 50 20 10 30 50 55 60 45 II 
0 20 40 60 55 15 5 30 50 70 70 50 III 
+5 +5 +5 -5 -5 +5 +5 0 0 -15 —10 -5 Diff. 
10 10 15 55 90 90 10 10 10 45 90 90 I 
0 10 15 50 85 90 15 5 5 50 65 35 II 
10 0 0 5 5 0 5 5 5 5 35 55 Diff 
10 10 15 55 90 90 10 10 10 45 90 90 I 
10 10 15 55 80 95 10 0 15 55 65 45 III 
0 0 0 0 410 -5 0 +10 —5 -10 +25 +45 Diff 
0 10 15 50 85 90 15 5 5 50 65 35 II 
10 10 15 55 80 95 10 0 15 55 65 45 III 
-10 0 0 -5 +5 -5 +5 +5 -10 -5 0 -10 Diff 
10 10 0 25 60 65 15 10 20 55 55 60 I 
5 10 5 20 60 55 15 10 25 60 50 50 II 
5 0 5 5 0 10 0 0 5 5 5 10 Diff 
10 10 0 25 60 65 15 10 20 55 55 60 I 
0 0 0 30 60 55 5 0 15 65 50 50 III 
+10 +10 0 -5 0 +10 +10 +10 +5 -10 +5 +10 Diff 
5 10 5 20 60 55 15 10 25 60 50 50 II 
0 0 0 30 60 55 5 0 15 65 50 50 III 
+5 +10 +5 —10 0 0 +10 +10 +10 -5 0 0 Diff 
53 5 0 15 15 45 50 15 5 0 25 55 60 I 
5 5 15 20 20 15 10 5 5 25 30 20 II 
0 5 0 5 25 35 5 0 5 0 25 40 Diff. 
5 0 15 15 45 50 15 5 0 25 55 60 I 
10 5 15 25 45 45 10 5 5 25 60 55 III 
-5 -5 0 -10 0 +5 +5 0 -5 0 -5 +5 Diff. 
85 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
53 5 5 15 20 20 15 10 5 5 25 30 20 II 
contd 10 5 15 25 45 45 10 5 5 25 60 55 III 
-5 0 0 -5 -25 -30 0 0 0 0 -30 -35 Diff 
54 10 15 20 45 45 30 10 15 25 45 50 45 
5 10 20 40 40 25 15 10 30 45 50 40 
5 5 0 5 5 5 5 5 5 0 0 5 
10 15 20 45 45 30 10 15 25 45 50 45 
5 15 15 45 40 45 5 5 20 40 50 55 
+5 0 +5 0 +5 -15 +5 +10 +5 +5 0 -10 
5 10 20 40 40 25 15 10 30 45 50 40 
5 15 15 45 40 45 5 5 20 40 50 55 








55 15 20 20 30 35 50 15 25 20 25 30 50 I 
15 15 20 30 35 30 20 20 25 20 25 35 II 
0 5 0 0 0 20 ~5 5 5 5 5 15 Diff 
15 20 20 30 35 50 15 25 20 25 30 50 I 
15 15 15 40 35 40 15 20 25 30 30 35 III 
0 +5 +5 -10 0 +10 0 +5 -5 -5 0 +15 Diff 
15 15 20 30 35 30 20 20 25 20 25 35 II 
15 15 15 40 35 40 15 20 25 30 30 35 III 
0 0 +5 -10 0 -10 +5 0 0 -10 -5 0 Diff 
5 0 5 0 0 10 10 10 5 0 0 15 I 
0 -5 0 -5 5 15 5 0 0 0 0 5 II 
5 5 5 5 5 5 5 10 5 0 0 10 Diff 
5 0 5 0 0 10 10 10 5 0 0 15 I 
0 0 0 10 5 5 0 0 5 15 10 20 III 
+5 0 +5 -10 -5 +5 +10 +10 0 -15 -10 -5 Diff 
0 -5 0 -5 5 15 5 0 0 0 0 5 II 
0 0 0 10 5 5 0 0 5 15 10 20 III 
0 -5 0 -15 0 +10 +5 0 -5 -15 -10 -15 Diff 
86 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
10 10 5 5 25 20 * 15 5 15 25 30 I 
10 10 10 5 30 15 15 5 15 5 30 35 II 
0 0 5 0 5 5 * 10 10 10 5 5 Diff 
10 10 5 5 25 20 * 15 5 15 25 30 I 
5 5 5 15 20 10 5 0 10 20 35 35 III 
+5 +5 0 -10 +5 +10 * +15 -5 -5 -10 -5 Diff 
10 10 10 5 30 15 15 5 15 5 30 35 II 
5 5 5 15 20 10 5 0 10 20 35 35 III 
+5 +5 +5 -10 +10 +5 +10 +5 +5 -15 —5 0 Diff 
5 5 10 45 85 90 5 5 5 45 80 80 I 
10 5 10 50 80 80 5 5 5 55 75 90 II 
5 0 0 5 5 10 0 0 0 10 5 10 Diff 
5 5 10 45 85 90 5 5 5 45 80 80 I 
5 5 0 55 90 85 5 5 10 70 95 100 III 
0 0 +10 -10 -5 +5 0 0 -5 -25 -15 -20 Diff 
10 5 10 50 80 80 5 5 5 55 75 90 II 
5 5 0 55 90 85 5 5 10 70 95 100 III 
+5 0 +10 -5 -10 -5 0 0 -5 -15 -20 -10 Diff 
5 5 5 10 15 20 10 15 10 20 35 35 I 
10 5 5 0 15 25 15 10 10 5 30 20 II 
5 0 0 10 0 5 5 5 0 15 5 15 Diff 
5 5 5 10 15 20 10 15 10 20 35 35 I 
5 0 0 5 5 25 5 0 0 10 25 20 III 
0 +5 +5 +5 +10 -5 +5 +15 +10 +10 +10 +15 Diff 
10 5 5 0 15 25 15 10 10 5 30 20 II 
5 0 0 5 5 25 5 0 0 10 25 20 III 
+5 +5 +5 -5 +10 0 +10 +10 +10 -5 +5 0 Diff. 
10 15 15 70 60 45 10 15 55 60 60 55 I 
5 15 10 55 50 45 10 10 50 60 55 65 II 
5 0 5 15 10 0 0 5 5 0 5 10 Diff. 
*Not calculable 
87 
High Noise Risk (oontd) 
right ear left ear 
Subject 
number Frecfuencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
60 10 15 15 70 60 45 10 15 55 60 60 55 I 
contd 0 10 0 65 65 40 5 15 50 60 80 65 III 
+10 +5 +15 + 5 —5 +5 +5 0 +5 0 —20 —10 Diff. 
5 15 10 55 50 45 10 10 50 60 55 65 II 
0 10 0 65 65 40 5 15 50 60 80 65 III 
"+5 +5 +10 ^10 -15 +5 +5 -5 0 0 -25 0 Diff. 
15 15 5 0 15 20 25 15 5 5 15 15 I 
10 10 0 5 0 10 15 5 0 0 5 30 II 
5 5 5 5 15 10 10 10 5 5 10 15 Diff 
15 15 5 0 15 20 25 15 5 5 15 15 I 
5 0 0 5 0 15 5 5 0 5 10 10 III 
+10 +15 +5 -5 +15 +5 +20 +10 +5 0 +5 +5 Diff 
10 10 0 5 0 10 15 5 0 0 5 30 II 
5 0 0 5 0 15 5 5 0 5 10 10 III 
+5 +10 0 0 0 -5 +10 0 0 -5 —5 +20 Diff 
15 5 0 10 15 35 20 20 15 20 5 25 I 
10 5 0 10 10 30 20 15 10 10 15 10 II 
5 0 0 0 5 5 0 5 5 10 10 15 Diff 
15 5 0 10 15 35 20 20 15 20 5 25 I 
20 5 0 20 10 30 15 10 5 20 15 25 III 
-5 0 0 -10 +5 +5 +5 +10 +10 0 -10 0 Diff 
10 5 0 10 10 30 20 15 10 10 15 10 II 
20 . 5 0 20 10 30 15 10 5 20 15 25 III 
-10 0 0 -10 0 0 +5 +5 +5 -10 0 -15 Diff 
0 5 15 45 45 80 5 5 25 55 60 65 I 
10 5 20 50 55 90 5 5 25 50 50 60 II 
10 0 5 5 10 10 0 0 0 5 10 5 Diff 
0 5 15 45 45 80 5 5 25 55 60 65 I 
10 10 15 60 55 95 0 0 30 70 75 70 III 
-10 -5 0 -15 -10 -15 +5 +5 -5 -15 -15 -5 Diff. 
88 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
63 10 5 20 50 55 90 5 5 25 50 50 60 II 
contd 10 10 15 60 55 95 0 0 30 70 75 70 III 
0 -5 -5 -10 0 -5 +5 +5 —5 -20 -25 -10 Diff. 
15 5 5 35 70 75 15 10 5 45 80 85 I 
10 5 5 40 70 75 15 5 5 50 80 70 II 
5 0 0 5 0 0 0 5 5 5 0 15 Diff 
15 5 5 35 70 75 15 10 5 45 80 85 I 
5 5 0 50 75 65 10 0 5 60 85 80 III 
+10 0 +5 -15 -5 +10 +5 +10 0 -15 -5 +5 Diff 
10 5 5 40 70 75 15 5 5 50 80 70 II 
5 5 0 50 75 65 10 0 5 60 85 80 III 
+5 0 +5 -10 -5 +10 +5 +5 0 -10 -5 -10 Diff 
15 10 5 15 85 90 * 15 10 15 85 70 I 
15 10 5 20 45 25 20 10 5 20 35 25 II 
0 0 0 5 30 65 * 5 5 5 50 45 Diff 
15 10 5 15 85 90 * 15 10 15 85 70 I 
5 0 0 10 40 15 5 5 0 15 30 30 III 
+10 +10 +5 +5 +45 +75 * +10 +10 0 +55 +40 Diff. 
15 10 5 20 45 25 20 10 5 20 35 25 II 
5 0 0 10 40 15 5 5 0 15 30 30 III 
+10 +10 +5 +10 +5 +10 +15 +5 +5 +5 +5 -5 Diff. 
0 0 -5 5 5 50 5 0 5 5 0 30 I 
5 0 -5 10 5 45 5 0 0 5 0 25 II 
5 0 0 5 0 5 0 0 5 0 0 5 Diff. 
0 0 -5 5 5 50 5 0 5 5 0 30 I 
5 5 0 15 10 45 5 0 10 20 20 25 III 
•5 -5 -5 -10 - 5 +S 0 0 -5 -15 -20 +5 Diff. 
5 0 —5 10 5 45 5 0 0 5 0 25 II 
5 5 0 15 10 45 5 0 10 20 20 25 III 
0 -5 -5 -5 -5 0 0 0 -10 -15 -20 0 Diff. 
*Not calculable 
89 
High Noise Risk (cx>ntd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
67 0 0 15 10 20 35 5 5 0 10 20 35 I 
20 25 25 35 55 40 15 20 35 25 35 35 II 
20 25 10 25 35 5 10 15 35 15 15 0 Diff 
0 0 15 10 20 35 5 5 0 10 20 35 I 
0 0 25 10 20 10 0 0 5 10 15 15 III 
0 0 -10 0 0 +25 +5 +5 -5 0 +io +20 Diff 
20 25 25 35 55 40 15 20 35 25 35 35 II 
0 , 0 25 10 20 10 0 0 5 10 15 15 III 
+20 +25 0 +25 +35 +30 +15 +20 +30 +15 +20 +20 Diff 
68 5 5 0 10 30 45 5 -5 -10 5 25 20 I 
0 10 0 10 20 30 5 5 -5 5 15 5 II 
5 5 0 0 10 15 0 10 -5 0 +10 +15 Diff 
5 5 0 10 30 45 5 -5 -10 5 25 20 I 
5 10 5 20 30 30 0 0 0 20 35 25 III 
0 -5 -5 -10 0 +15 +5 -5 -10 -15 -10 —5 Diff 
0 10 0 10 20 30 5 5 -5 5 15 5 II 
5 10 5 20 30 30 0 0 0 20 35 25 III 
-5 0 —5 -10 -10 0 +5 +5 -5 -15 -20 -20 Diff 
69 5 5 5 10 25 40 10 5 5 15 25 20 I 
0 0 0 0 5 20 5 5 0 0 15 15 II 
5 5 5 10 20 20 5 0 5 15 10 5 Diff, 
5 5 5 10 25 40 10 5 5 15 25 20 I 
0 0 0 15 20 15 0 0 0 10 20 10 III 
+5 +5 +5 -5 +5 +25 +10 +5 +5 +5 +5 +10 Diff, 
0 0 0 0 5 20 5 5 0 0 15 15 II 
0 0 0 15 20 15 0 0 0 10 20 10 III 
0 0 0 -15 -15 +5 +5 +5 0 -10 -5 +5 Diff, 
70 15 10 0 10 65 55 15 10 5 10 70 65 I 
20 10 0 5 5 5 15 10 15 15 10 5 II 
5 0 0 5 60 50 0 0 10 5 60 60 Diff. 
90 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
70 15 10 0 10 65 55 15 10 5 10 70 65 I 
contd 10 5 0 10 10 10 10 5 0 15 15 10 III 
+5 +5 0 0 +55 + 45 +5 +5 +5 -5 +55 +55 Diff 
20 10 0 5 5 5 15 10 15 15 10 5 II 
10 5 0 10 10 10 10 5 0 15 15 10 III 
+10 +5 0 -5 -5 -5 +5 +5 +15 0 —5 -5 Diff, 
5 5 0 0 5 25 10 5 0 5 10 45 I 
5 5 10 -5 0 5 10 0 5 0 5 45 II 
0 0 10 5 5 20 0 5 5 5 5 0 Diff 
5 5 0 0 5 25 10 5 0 5 10 45 I 
5 0 0 5 5 15 5 0 0 5 10 50 III 
0 +5 0 -5 0 +10 +5 +5 0 0 0 -5 Diff 
5 5 10 -5 0 5 10 0 5 0 5 45 II 
5 0 0 5 5 15 5 0 0 5 10 50 III 
0 +5 +10 -10 -5 -10 +5 0 +5 -5 -5 -5 Diff 
25 40 25 50 45 50 40 45 40 50 60 55 I 
25 35 30 35 40 25 45 45 45 45 50 40 II 
0 5 5 15 5 25 5 0 5 5 10 15 Diff 
25 40 25 50 45 50 40 45 40 50 60 55 I 
20 15 15 40 40 20 20 15 15 30 60 20 III 
+25 +25 +10 +10 +5 +30 +20 +30 +25 +20 0 +35 Diff 
25 35 30 35 40 25 45 45 45 45 50 40 II 
20 15 15 40 40 20 20 15 15 30 60 20 III 
+5 +20 +15 -5 0 +5 +25 +30 +30 +15 -10 +20 Diff 
73 5 10 5 40 45 40 10 15 0 40 40 30 
15 15 10 35 45 35 15 15 10 40 40 30 
10 5 5 5 0 5 5 0 10 0 0 0 
5 10 5 40 45 40 10 15 0 40 40 30 
10 15 0 45 75 55 10 10 0 75 80 75 






High Noise Risk (oontd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
73 15 15 10 35 45 35 15 15 10 40 40 30 II 
oontd 10 15 0 45 75 55 10 10 0 75 80 75 III 
+5 0 +10 -10 -35 -20 +5 +5 +10 -35 -40 -45 Diff. 
74 15 20 5 20 50 65 25 20 10 35 65 80 I 
5 5 0 5 40 30 15 10 0 15 55 40 II 
10 15 5 15 10 35 10 10 10 20 10 40 Diff. 
15 20 5 20 50 65 25 20 10 35 65 80 I 
5 5 0 5 45 45 5 5 0 20 75 65 III 
+10 +15 +5 +15 +5 +20 +20 +15 +10 +15 -10 +15 Diff. 
5 5 0 5 40 30 15 10 0 15 55 40 II 
5 5 0 5 45 45 5 5 0 20 75 65 III 
0 0 0 0 -5 -15 +10 +5 0 -5 -20 -25 Diff. 
75 0 10 0 45 65 80 5 15 10 50 75 65 I 
5 10 5 50 70 75 0 15 5 40 75 65 II 
5 0 5 5 5 5 5 0 5 10 0 0 Diff. 
0 10 0 45 65 80 5 15 10 50 75 65 I 
0 10 10 60 85 80 0 15 15 55 80 75 III 
0 0 -10 -15 -20 0 +5 0 -5 -5 -5 -10 Diff, 
5 10 5 50 70 75 0 15 5 40 75 65 II 
0 10 10 60 85 80 0 15 15 55 80 75 III 
+5 0 -5 -10 -15 - 5 0 0 -10 -15 -5 -10 Diff. 
76 5 15 5 15 25 15 15 10 15 0 45 25 I 
5 10 5 10 5 30 25 15 10 5 10 15 II 
0 5 0 5 20 15 10 5 5 5 35 10 Diff. 
5 15 5 15 25 15 15 10 15 0 45 25 I 
10 15 0 20 10 30 0 10 5 5 25 5 III 
-5 0 +5 -5 +15 -15 +15 0 +10 -5 +20 +20 Diff. 
5 10 5 10 5 30 25 15 10 5 10 15 II 
10 15 0 20 10 30 0 10 5 5 25 5 III 
-5 -5 +5 -10 -5 0 +25 +5 +5 0 -15 +10 Diff. 
92 
High Noise Risk (contd) 
right ear left ectr 
Subject 
number Frec^uencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
77 15 15 20 55 55 45 15 20 25 60 55 50 I 
20 15 25 50 60 30 20 25 25 50 55 35 II 
5 0 5 5 5 15 5 5 0 10 0 15 Diff. 
15 15 20 55 55 45 15 20 25 60 55 50 I 
10 10 20 55 60 50 15 20 20 60 65 55 III 
+5 +5 0 0 -5 -5 0 0 +5 0 -lo -5 Diff. 
20 15 25 50 60 30 20 25 25 50 55 35 II 
10 10 20 55 60 50 15 20 20 60 65 55 III 
+10 +5 +5 -5 0 -20 +5 +5 +5 -10 -10 -20 Diff. 
78 15 20 0 20 25 20 15 20 10 30 30 30 I 
10 15 5 20 35 15 15 15 10 25 30 30 II 
5 5 5 0 10 5 0 5 0 5 0 0 Diff. 
15 20 0 20 25 20 15 20 10 30 30 30 I 
5 15 0 25 30 20 5 5 5 35 35 30 III 
+10 +5 0 -5 —5 0 +10 +15 +5 -5 -5 0 Diff. 
10 15 5 20 35 15 15 15 10 25 30 30 II 
5 15 0 25 30 20 5 5 5 35 35 30 III 
+5 0 +5 -5 +5 -5 +10 +10 +5 -lo -5 0 Diff. 
79 15 10 10 10 20 10 10 15 5 20 20 10 I 
50 50 40 40 50 35 10 15 15 15 25 35 II 
35 40 30 30 30 25 0 0 10 5 5 25 Diff. 
15 10 10 10 20 10 10 15 5 20 20 10 I 
60 55 35 55 55 35 5 10 10 25 35 35 III 
-45 —45 -25 -45 -35 -25 -5 +5 -5 -5 -l5 -25 Diff. 
50 50 40 40 50 35 10 15 15 15 25 35 II 
60 55 35 55 55 35 15 10 10 25 35 35 III 
-10 -5 +5 -15 - 5 0 -5 +5 +5 -lo -10 0 Diff. 
80 40 50 30 50 50 45 40 45 30 * 50 30 I 
40 50 40 50 55 45 40 45 40 30 50 50 II 
0 0 10 0 5 0 0 0 10 * 10 20 Diff. 
*Nbt calculable 
93 
High Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
80 40 50 30 50 50 45 40 45 30 * 40 30 I 
contd 40 50 45 60 65 60 40 50 35 40 70 70 III 
5 0 -15 -10 -15 -15 0 -5 -5 * -30 -40 Diff. 
40 50 40 50 55 45 40 45 40 30 50 50 II 
40 50 45 60 65 60 40 50 35 40 70 70 III 
0 0 -5 -10 -10 -15 0 -5 +5 -10 -20 -20 Diff. 
81 10 0 20 15 15 20 15 10 20 20 20 20 
10 0 15 10 15 10 15 0 15 20 20 20 
0 0 5 5 0 10 0 10 5 0 0 0 
10 0 20 15 15 20 15 10 20 20 20 20 
10 0 20 20 30 15 15 5 30 35 40 20 
0 0 0 -5 -15 -5 0 +5 —10 -15 -20 0 
10 0 15 10 15 10 15 0 15 20 20 20 
10 0 20 20 30 15 15 5 30 35 40 20 









15 25 10 10 5 35 25 30 10 5 5 35 I 
30 30 10 15 10 25 35 35 20 15 15 25 II 
15 5 0 5 5 10 10 5 10 10 10 10 Diff 
15 25 10 10 5 35 25 30 10 5 5 35 I 
25 20 10 20 25 25 30 25 20 20 20 25 III 
-10 +5 0 -10 -20 +10 -5 +5 -10 -15 -15 +10 Diff 
30 30 10 15 10 25 35 35 20 15 15 25 II 
25 20 10 20 25 25 30 25 20 20 20 25 III 
+5 +10 0 -5 -15 0 +5 +10 0 -5 -5 0 Diff 
83 5 5 25 30 35 30 10 5 10 30 30 25 I 
0 5 25 45 40 35 15 5 15 50 45 45 II 
5 0 0 15 5 5 5 0 5 20 15 20 Diff 
5 5 25 30 35 30 10 5 10 30 30 25 I 
10 5 30 55 60 50 5 0 15 60 60 55 III 
-5 0 -5 -25 -25 -20 +5 +5 -5 -30 -30 -30 Diff 
*Not calculable 
94 
High Noise Risk (contd) 
right 6ar left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
83 0 5 25 45 40 35 15 5 15 50 45 45 II 
contd 10 5 30 55 60 50 5 0 15 60 60 55 III 
-10 0 -5 -10 -20 -15 +10 +5 0 -10 -15 -10 Diff. 
84 5 5 20 55 60 55 0 5 45 55 75 * I 
0 0 10 50 50 55 10 5 50 55 60 50 II 
5 5 10 5 10 0 10 0 5 0 15 * Diff 
5 5 20 55 60 55 0 5 45 55 75 * I 
10 10 25 70 70 50 10 10 50 70 75 60 III 
—5 -5 -5 -15 -10 +5 -10 -5 -5 -15 0 * Diff 
0 0 10 50 50 55 10 5 50 55 60 50 II 
10 10 25 70 70 50 10 10 50 70 75 60 III 
-10 -10 -15 -20 -20 +5 0 -5 0 -15 -15 -10 Diff 
85 (Test I results were not available) 
10 5 10 5 25 15 20 15 10 20 15 15 II 
10 5 5 25 30 15 10 10 10 25 20 40 III 
0 0 +5 -20 -5 0 +10 +5 0 -5 -5 -25 Diff, 
10 0 10 15 10 15 5 10 5 10 35 35 I 
10 0 15 15 15 25 15 10 10 10 45 65 II 
0 0 5 0 5 10 10 0 5 0 10 25 Diff 
10 0 10 15 10 15 5 10 5 10 35 35 I 
0 0 20 10 15 30 5 0 10 10 55 70 III 
+10 0 -10 +5 -5 -15 0 +10 -5 0 -20 -35 Diff 
10 0 15 15 15 25 15 10 10 10 45 65 II 
0 0 20 10 15 30 5 0 10 10 55 70 III 
+10 0 -5 +5 0 -5 +10 +10 0 0 -10 -5 Diff, 
*Not calculable 
95 
High Noise Risk (oontd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
10 10 0 20 35 35 10 0 -5 15 15 15 I 
10 0 -5 10 30 40 15 10 5 15 15 30 II 
0 10 5 10 5 5 5 10 10 0 0 l5 Diff 
10 10 0 20 35 35 10 0 -5 15 15 15 I 
20 15 5 25 55 45 15 10 0 25 25 15 III 
-10 -5 -5 -5 -20 -10 -5 -10 -5 -10 -10 0 Diff 
10 0 -5 10 30 40 15 10 5 15 15 30 II 
20 15 5 25 55 45 15 10 0 25 25 15 III 
-10 -15 -10 -15 -25 -5 0 0 +5 -10 -lo +15 Diff 
55 65 60 55 60 55 15 20 15 25 45 35 I 
65 70 65 55 65 65 15 15 20 30 60 30 II 
10 5 5 0 5 10 0 5 5 5 15 5 Diff 
55 65 60 55 60 55 15 20 15 25 45 35 I 
60 65 60 60 65 60 15 5 5 25 60 40 III 
-5 0 0 -5 —5 -5 0 +15 +10 ' U -15 -5 Diff 
65 70 65 55 65 65 15 15 20 30 60 30 II 
60 65 60 60 65 60 15 5 5 25 60 40 III 
+5 +5 +5 -5 0 +5 0 +10 +15 + 5 0 -10 Diff 
15 10 5 15 80 90 15 10 10 20 90 80 I 
15 10 10 20 50 40 20 10 15 20 40 40 II 
0 0 5 5 30 50 5 0 5 0 50 40 Diff 
15 10 5 15 80 90 15 10 10 20 90 80 I 
10 5 0 20 55 35 10 0 5 40 60 30 III 
+5 +5 +5 -5 +25 +55 +5 +10 +5 -20 +30 +50 Diff 
15 10 10 20 50 40 20 10 15 20 40 40 II 
10 5 0 20 55 35 10 0 5 40 60 30 III 
+5 +5 +10 0 -5 +5 +10 +10 +10 -20 -20 +10 Diff. 
INDIVIDUAL THRESHOLD MEASUREMENTS 
LOW NOISE RISK 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
90 (Test I results were not available) 
0 10 10 0 10 15 0 0 0 0 5 25 III 
91 20 10 0 0 0 25 20 10 5 10 5 15 I 
15 5 5 5 10 15 10 5 0 15 10 20 III 
+5 +5 -5 -5 -10 +10 +10 +5 +5 -5 -5 -5 Diff 
92 10 10 10 10 10 15 15 10 20 10 5 15 
0 0 5 5 10 15 0 0 10 0 0 20 
+10 +10 +5 +5 0 0 +15 +10 +10 +10 +5 —5 
93 15 5 10 10 10 35 10 5 10 15 25 55 I 
15 5 15 20 20 40 10 15 15 30 40 75 III 
0 0 —5 -10 -10 -5 0 -10 -5 -l5 -l5 -20 Diff 
94 20 15 25 30 25 30 30 15 35 50 60 * I 
0 10 10 30 25 30 5 5 5 25 30 30 III 
+20 +5 +15 0 0 0 +25 +10 +30 +25 +30 * Diff 
95 20 10 0 0 5 20 25 15 5 0 0 35 I 
0 0 5 0 10 20 0 0 0 0 10 20 III 
+20 +10 -5 0 -5 0 +25 +15 +5 0 -10 +15 Diff, 
96 20 10 5 15 25 20 25 10 20 20 20 20 I 
15 5 5 15 15 10 10 5 0 15 15 25 III 
+5 +5 0 0 +10 +10 +15 +5 +20 +5 +5 -5 Diff 
97 15 5 5 5 5 15 25 10 15 5 15 10 
10 10 15 10 0 10 15 5 5 5 0 5 
+5 -5 -10 -5 +5 +5 +10 + 5 +10 0 +15 +5 
96 
97 
Low Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
98 30 20 5 20 20 40 25 45 35 25 45 65 I 
5 0 0 15 20 40 5 5 0 25 55 65 III 
+25 +20 +5 +5 0 0 +20 +40 +35 0 -10 0 Diff 
99 15 0 10 20 20 40 5 0 5 10 10 15 I 
20 5 5 25 20 40 5 0 0 10 10 5 III 
-5 -5 +5 -5 0 0 0 0 +5 0 0 +10 Diff 
100 25 15 15 5 10 15 10 10 20 5 10 15 I 
0 10 5 5 0 5 10 5 5 5 10 15 III 
+25 +5 +10 0 +10 +10 0 +5 +15 0 0 0 Diff 
101 10 5 5 0 0 0 10 5 —5 5 5 0 I 
0 0 5 0 0 0 0 0 0 0 0 0 III 
+10 +5 0 0 0 0 +10 +5 —5 +5 +5 0 Diff 
102 25 15 20 15 15 25 * 20 15 15 20 20 I 
20 10 10 15 10 25 15 10 0 10 5 10 III 
+5 +5 +10 0 +5 0 * +10 +15 +5 +15 +10 Diff 
103 15 5 5 0 0 15 20 10 5 0 5 15 I 
10 5 5 0 0 10 5 0 0 5 0 0 III 
+5 0 0 0 0 +5 +15 +10 +5 -5 +5 +15 Diff, 
104 15 10 0 -5 0 10 20 15 -5 5 5 25 I 
5 5 0 0 0 0 5 10 5 0 5 5 III 
+10 +5 0 -5 0 +10 +15 +5 -10 +5 0 +20 Diff 
105 5 5 10 20 10 10 5 15 15 5 20 5 I 
10 5 10 25 10 0 0 10 10 10 25 0 III 
-5 0 0 -5 0 +10 +5 +5 +5 -5 -5 +5 Diff, 
*Not calculable 
98 
Lew Noise Risk (cxantd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
106 25 20 20 25 50 55 15 10 20 25 35 70 I 
20 20 30 35 25 35 15 10 30 35 75 90 III 
+5 0 -10 -10 +25 +20 0 0 -lo —10 -40 -20 Diff. 
107 20 5 0 5 5 20 -10 -10 10 35 35 20 I 
5 0 5 5 0 35 0 5 0 45 40 20 III 
+15 +5 -5 0 +5 -15 +10 +15 +10 -10 -5 0 Diff. 
108 10 10 15 10 5 10 15 15 5 0 5 10 I 
5 10 15 10 5 10 5 10 5 0 5 0 III 
+5 0 0 0 0 0 +10 +5 0 0 0 +10 Diff, 
10 0 0 -5 10 0 10 5 5 0 5 5 I 
0 0 5 0 0 0 0 0 0 0 0 0 III 
+10 0 -5 -5 +10 0 +10 +5 +5 0 +5 +5 Diff. 
110 15 10 0 5 10 25 20 15 10 15 10 20 I 
10 5 5 5 0 30 10 5 0 0 0 25 III 
+5 +5 -5 0 +10 -5 +10 +10 +10 +15 +10 -5 Diff. 
Ill 25 20 20 10 10 15 25 * 25 15 10 35 I 
15 15 15 20 0 10 10 15 15 15 0 25 III 
+10 +5 +5 -10 +10 +5 +15 * +10 0 +10 +10 Diff. 
112 20 25 25 15 15 30 35 40 35 20 10 40 I 
15 15 20 15 15 40 25 5 25 20 30 35 III 
+5 +10 +5 0 0 -10 +10 +35 +10 0 -20 +5 Diff. 
113 45 55 70 75 90 90 50 90 75 65 65 90 I 
45 65 70 80 90 70 40 45 75 80 70 80 III 
0 -10 0 -5 0 +20 +10 +45 0 -15 -5 +10 Diff. 
20 20 20 5 5 5 20 20 25 5 5 5 I 
10 20 20 5 5 10 5 20 20 5 5 15 III 
+10 0 0 0 0 -5 +15 0 +5 0 0 -10 Diff. 
*Not calculable 
99 
Low Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
115 15 5 5 5 10 25 15 20 15 10 5 15 I 
0 0 0 5 0 25 5 0 0 0 0 10 III 
+15 +5 +5 0 +10 0 +10 +20 +15 +10 +5 +5 Diff 
116 20 15 15 15 10 20 45 45 30 20 10 30 I 
25 15 20 10 5 10 10 5 10 15 5 10 III 
-5 0 -5 +5 +5 +10 +35 +40 +20 +5 +5 +20 Diff. 
117 20 10 15 25 45 55 15 10 15 15 50 50 I 
15 5 15 35 45 60 15 5 15 20 50 60 III 
+5 +5 0 -10 0 -5 0 +5 0 -5 0 -lo Diff. 
118 (Test I results were not available) 
10 10 5 20 25 50 5 5 0 15 15 25 Ill 
119 -10 15 5 10 5 20 20 15 10 10 10 25 I 
15 10 10 10 0 20 10 5 0 15 0 10 III 
-25 +5 -5 0 +5 0 +10 +10 +10 -5 +10 +15 Diff. 
120 25 10 15 10 5 15 25 -10 -10 5 0 20 I 
15 5 5 0 0 0 10 0 0 0 0 0 III 
+10 +5 +10 +10 +5 +15 +15 -10 -10 +5 0 +20 Diff. 
121 20 10 5 0 5 10 25 15 10 5 0 20 I 
5 0 0 0 5 -5 5 5 0 0 0 —5 III 
+15 +10 +5 0 0 +15 +20 +10 +10 +5 0 +25 Diff. 
122 15 10 10 15 20 40 15 10 5 15 20 35 I 
15 15 5 25 20 35 5 0 0 15 25 20 III 
0 -5 +5 -10 0 +5 +10 +10 +5 0 -5 +15 Diff. 
123 10 0 15 10 15 5 40 45 30 35 35 40 I 
10 10 10 5 10 5 0 0 0 10 40 50 III 
0 -10 +5 +5 +5 0 +40 +45 +30 +25 —5 -10 Diff. 
100 
Low Noise Risk (oontd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
124 35 25 15 10 20 * 30 25 15 20 15 20 I 
10 10 0 5 10 10 15 10 0 5 10 20 III 
+25 +15 +15 +5 +10 * +15 +15 +15 +15 +5 0 Diff o 
125 (Test I results were not available) 
5 0 10 30 40 35 15 5 0 35 30 45 III 
126 35 15 * 15 15 25 * * 20 25 15 20 I 
25 15 20 15 15 30 25 15 5 20 15 45 III 
+10 0 * 0 0 -5 * * +15 +5 0 -25 Diff. 
127 10 10 15 0 0 20 25 10 20 5 0 30 I 
15 20 25 20 0 20 5 10 15 15 10 25 III 
—5 -10 -10 -20 0 0 +20 0 +5 -10 -10 +5 Diff. 
128 (Test I results were not available) 
0 5 5 0 0 10 5 5 5 0 0 10 Ill 
129 30 30 40 15 20 25 35 30 35 15 20 10 I 
20 30 40 20 10 35 25 30 25 25 15 25 III 
+10 0 0 -5 +10 -10 +10 0 +10 -10 +5 -15 Diff. 
130 15 10 10 20 15 15 15 10 15 20 20 25 I 
0 5 5 30 15 5 0 5 20 35 25 25 III 
+15 +5 +5 -10 0 +10 +15 +5 -5 -15 -5 0 Diff. 
131 15 0 5 10 5 15 15 10 0 0 0 15 I 
5 10 15 10 5 20 10 0 5 10 5 10 III 
+10 -10 -10 0 0 -5 +5 +10 -5 -10 -5 +5 Diff. 
*Not calculable 
101 
Low Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
132 5 0 0 0 -5 5 5 5 0 0 0 15 I 
5 0 5 0 0 30 10 0 0 5 0 10 III 
0 0 -5 0 -5 -25 -5 +5 0 -5 0 +5 Diff 
45 35 40 45 50 90 40 35 35 50 55 85 I 
25 15 25 40 50 80 25 15 20 50 45 85 III 
+20 +20 +15 +5 0 +10 +15 +20 +15 0 +10 0 Diff. 
10 5 10 15 15 30 10 5 20 25 35 25 I 
10 10 20 25 20 20 10 10 15 30 25 35 III 
0 -5 -10 -10 -5 +10 0 -5 +5 -5 +10 -10 Diff. 
135 25 15 20 30 25 35 40 45 45 45 55 55 I 
15 10 20 30 30 30 5 10 30 40 45 40 III 
+10 +5 0 0 -5 +5 +35 +35 +15 +5 +10 +15 Diff 
136 20 5 15 5 10 10 15 10 5 0 5 25 I 
5 5 5 10 0 0 10 5 0 10 0 0 III 
+15 0 -10 -5 +10 +10 +5 +5 +5 -10 +5 +25 Diff 
137 15 5 0 5 5 25 10 0 5 0 5 20 I 
10 0 5 5 5 0 10 0 0 0 5 0 III 
+5 +5 -5 0 0 +25 0 0 +5 0 0 +20 Diff 
138 15 15 10 10 15 20 5 0 0 5 0 5 I 
0 0 5 15 0 15 0 0 0 15 0 5 III 
+15 +15 +5 -5 +15 +5 +5 0 0 -10 0 0 Diff 
139 15 5 5 —5 0 15 15 5 0 0 0 25 I 
10 0 5 0 0 5 10 0 0 0 0 10 III 
+5 +5 0 -5 0 +10 +5 +5 0 0 0 +15 Diff 
140 20 15 0 0 10 25 50 40 25 35 35 55 I 
10 5 5 10 5 5 25 30 20 25 20 40 III 
+10 +10 -5 -10 +5 +20 +25 +10 +5 +10 +15 +15 Diff 
102 
law Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
141 30 15 15 20 20 20 50 40 35 30 25 35 I 
10 5 10 15 20 15 15 15 15 15 10 25 III 
+20 +10 +5 +5 0 +5 +35 +25 +20 +15 +15 +10 Diff 
142 40 50 55 60 60 80 * 40 50 60 60 85 I 
15 25 45 50 50 50 15 20 35 50 50 75 III 
+25 +25 +10 +10 +10 +30 * +20 +15 +10 +10 +10 Diff 
143 20 10 15 0 0 20 15 15 10 0 0 35 I 
5 10 5 5 0 15 10 5 0 0 0 15 III 
+15 0 +10 -5 0 + 5 +5 +10 +10 0 0 +20 Diff 
144 * 15 10 15 25 35 25 25 15 15 10 40 I 
15 10 10 15 15 35 15 15 5 15 10 40 III 
* +5 0 0 +10 0 +10 +10 +10 0 0 0 Diff 
145 25 10 10 25 20 30 15 10 5 5 —5 30 I 
5 5 5 10 0 10 0 0 0 0 0 5 III 
+20 +5 +5 +15 +20 +20 +15 +10 +5 +5 -5 +25 Diff, 
146 25 20 10 10 15 25 25 15 5 15 20 30 I 
10 5 5 10 5 20 5 0 0 10 15 25 III 
+15 +15 +5 0 +10 +5 +20 +15 +5 +5 +5 +5 Diff, 
147 50 35 35 35 50 50 * 20 10 5 5 25 I 
10 5 10 10 25 25 5 0 0 5 0 5 III 
+40 +30 +25 +25 +25 +25 * +20 +10 0 +5 +20 Diff, 
148 5 -5 0 0 5 25 10 5 5 5 10 15 I 
5 0 0 0 0 20 5 5 0 10 0 15 III 
0 -5 0 0 +5 +5 +5 0 +5 -5 +10 0 Diff, 
*Not calculable 
103 
Lw Noise Risk (cxantd) 
right ear left ear 
Subject 
number Frecfuencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
149 10 5 5 15 35 15 15 10 25 25 I 
15 5 5 15 35 15 15 5 35 25 III 
—5 0 0 0 0 0 0 +5 -10 0 Diff 
150 50 60 30 45 75 25 25 20 30 60 I 
50 55 30 60 75 25 25 20 30 60 III 
0 +5 0 -15 0 0 0 0 0 0 Diff, 
151 30 * 15 * * 20 15 15 15 25 I 
10 10 5 15 30 5 0 15 25 25 III 
+20 * +10 * +15 +15 0 -10 0 Diff, 
152 (Test I results were not available) 
0 0 0 5 10 0 0 0 20 5 III 
153 (Test I results were not available) 
10 5 5 65 65 5 0 5 75 80 III 
154 0 5 5 35 15 0 5 15 60 40 I 
0 0 0 30 15 0 0 5 60 50 III 
0 +5 +5 +5 0 0 +5 +10 0 -10 Diff, 
155 10 5 5 50 15 5 10 5 10 20 I 
5 5 0 50 15 0 0 0 10 25 III 
+5 0 +5 0 0 +5 +10 +5 0 -5 Diff, 
156 0 0 -5 -5 20 5 0 0 -5 30 I 
5 0 0 5 20 0 0 0 10 20 III 
-5 0 -5 -10 0 +5 0 0 -15 +10 Diff, 
*Not calculable 
104 
Low Noise Risk (contd) 
right ëar left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
157 * 10 5 10 20 5 * 0 15 25 I 
15 5 0 20 25 , 5 10 10 40 30 III 
* +5 +5 -10 -5 0 * -10 -25 -5 Diff 
158 (Test I results were not available) 
5 0 5 5 15 5 0 5 15 10 III 
159 5 5 10 30 30 15 15 5 40 40 I 
10 10 15 55 45 20 20 10 50 50 III 
-5 -5 -5 -25 -15 -5 -5 -5 -10 -10 Diff 
160 15 15 20 5 45 * 20 20 15 45 I 
25 20 20 10 45 15 15 20 25 45 III 
-10 -5 0 -5 0 * +5 0 -10 0 Diff 
161 5 0 5 20 10 5 0 10 25 40 I 
5 0 10 35 25 0 0 15 45 60 III 
0 0 -5 -15 -15 +5 0 —5 -20 -20 Diff 
162 15 10 10 45 60 25 25 35 60 60 I 
0 5 5 65 55 0 10 35 70 70 III 
+15 +5 +5 -20 +5 +25 +15 0 -10 -10 Diff 
163 10 10 10 20 50 15 10 15 40 55 I 
5 0 20 30 50 5 0 10 60 55 III 
+5 +10 -10 -10 0 +10 +10 +5 -20 0 Diff, 
164 15 15 25 10 15 30 20 20 20 30 I 
5 10 30 25 15 10 10 25 30 25 III 
+10 +5 -5 -15 0 +20 +10 -5 -lo +5 Diff, 
*Not calculable 
105 
Lowr Noise Risk (cx?ntd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
165 20 25 35 65 70 25 20 30 55 65 I 
0 10 25 65 75 0 5 20 65 60 III 
+20 +15 +10 0 —5 +25 +15 +10 -10 +5 Diff 
166 0 -5 -5 -5 5 5 0 -5 5 20 I 
0 0 0 5 5 0 0 0 10 25 III 
0 -5 -5 -10 0 +5 0 -5 -5 -5 Diff 
167 5 5 0 25 25 20 10 0 45 30 I 
5 10 5 45 40 10 10 0 50 45 III 
0 -5 -5 -20 -15 +10 0 0 -5 -15 Diff 
168 10 10 15 90 90 10 15 15 80 90 I 
25 35 55 110 110 10 10 15 100 110 III 
-15 -25 -40 -20 -20 0 +5 0 —20 -20 ' Diff. 
169 20 10 10 20 25 30 20 20 40 55 I 
5 5 10 25 35 0 0 15 45 50 III 
+15 +5 0 -5 -10 +30 +20 +5 -5 -5 Diff. 
170 25 20 5 20 15 15 5 0 25 25 I 
15 5 0 30 20 5 0 5 30 30 III 
+10 +15 +5 -10 +5 +10 +5 -5 -5 -5 Diff. 
171 (Test I results were not available) 
10 10 0 10 5 15 5 0 10 10 Ill 
172 15 10 35 90 90 * 15 50 80 80 I 
15 20 50 100 110 15 10 60 100 105 III 
0 -10 -15 -10 -20 * +5 -10 -20 -25 Diff. 
*Not calculable 
106 
Low Noise Risk (œntxi) 
right ear left ear 
Subject 
number Frecruencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
173 10 10 0 15 20 5 0 -5 5 30 I 
10 10 5 30 40 0 0 0 15 25 III 
0 0 -5 -15 -20 +5 0 -5 -10 +5 Diff 
174 (Test I results were not available) 
0 0 25 55 65 0 0 25 45 35 III 
175 (Test I results were not available) 
0 0 0 25 20 0 0 0 25 25 III 
176 -5 0 5 10 30 10 5 -5 5 40 I 
0 5 0 15 25 0 0 0 15 20 III 
—5 -5 +5 -5 +5 +10 +5 _5 -10 +20 Diff, 
177 (Test I results were not available) 
0 0 0 60 45 0 0 0 60 45 III 
178 (Test I results were not available) 
0 0 5 15 15 5 0 0 15 10 III 
179 10 5 5 35 25 10 10 5 30 45 I 
5 5 15 35 45 10 10 10 20 60 III 
+5 0 -10 0 -20 0 0 -5 +10 -15 Diff, 
180 15 0 0 25 * 25 20 5 40 40 I 
20 20 10 50 50 25 20 25 55 70 III 
-5 -20 -10 -25 * 0 0 -20 -15 -30 Diff, 
*Not calculable 
107 
Low Noise Risk (contd) 
right ear left ear 
Subject 
number Frequencies Test 
500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000 
181 5 0 5 20 30 25 20 * 55 40 I 
15 10 10 30 50 10 5 10 65 50 III 
-10 -10 -5 -10 -20 +15 +15 * -10 -10 Diff. 
182 20 15 20 35 60 20 25 20 35 25 I 
10 15 20 45 55 10 20 25 40 30 III 
+10 0 0 -10 +5 -10 -5 -5 -5 -5 Diff. 
183 25 20 35 60 60 20 20 50 65 40 I 
15 15 40 60 45 15 15 50 65 50 III 
+10 +5 -5 0 +15 +5 +5 0 0 -10 Diff. 
184 15 15 5 15 25 25 15 5 25 35 I 
15 20 20 15 20 20 5 0 35 20 III 
0 -5 -15 0 +5 +5 +10 +5 -10 +15 Diff. 
185 0 5 25 45 30 0 0 5 30 25 I 
0 0 5 35 15 0 0 25 50 30 III 
0 +5 +20 +10 +15 0 0 -20 -20 -5 Diff. 
186 0 5 25 60 75 * 35 55 70 60 I 
0 10 40 75 70 0 45 65 80 80 III 
0 +5 -15 -15 +5 * -lo -10 -10 -20 Diff. 
187 10 15 10 70 70 -10 * 0 70 70 I 
0 5 0 70 65 0 0 0 75 75 III 
+10 +10 +10 0 +5 -10 * 0 -5 -5 Diff. 
188 (Test I results were not available) 
15 10 10 60 30 20 5 25 50 50 Ill 
189 (Test I results were not available) 
20 15 35 55 55 10 10 10 25 40 III 
190 5 0 5 20 40 5 10 10 10 35 I 
0 0 15 30 45 0 10 5 20 45 III 
+5 0 -10 -10 -5 +5 0 +5 -10 -10 Diff. 
*Not calculable 
